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Abstract 
In the Indian sub-continent, particularly tropical and sub-tropical 
regions, Paramphistomosis is a predominant disease of the ruminant 
livestock, caused by digenetic trematodes, the amphistomes, which 
mainly infect the rumen and liver of the definitive host. The rumen 
dwelling worms are responsible for low pathogenicity in their adult 
stage but the migrating juvenile stages generally cause catarrhal and 
haemorrhagic inflammation in the abomasum, duodenum and 
jejenum with associated anaemia, hypoproteinaemia, while the bile 
duct parasitizing amphistomes cause superficial haemorrhage, 
pronounced periductal fibrosis and other hypertrophic and 
hyperplastic changes. The general debility, enteritis and foetid 
diarhoea often leading to death is caused by the immature migrating 
stages in intestine. Among a wide variety of species infecting the 
buffalo rumen, Gastrothylax crumenifer, a pouched amphistome, is of 
most common prevalence. Among the bile duct parasites Gigantocotyle 
explanatum is the most wide spread amphistome species infecting the 
buffalo liver. 
High prevalence of amphistome infection in cattle and water buffaloes 
as well as ovine hosts result into poor animal health that leads to low 
productivity. Therefore, huge economic losses are incurred by the 
animal husbandry in general and the rural agrarian population, in 
particular. Over a period of time the development of resistance against 
the available anthelmintics and lack of knowledge related to host-
parasite interface, diversity of parasite physiology and biochemistry, 
adaptations among different group of parasitic helminths necessitates 
further investigations to explore intricate mysteries of parasite 
activities. Enormous amount of literature on the biochemistry and 
physiology of trematodes have been reviewed by many workers but 
there are ample avenues in basic helminth physiology and 
biochemistry involving host-parasite relationship needs to be 
investigated. The helminth parasites in vitro as well as in vivo release 
excretory/secretory (E/S) products of their metabolites or their end 
products which could be responsible for pathology of the host but also 
protective to parasites from the host immune attack and help the 
worms to establish within their specific microenvironment, etc. 
Considering the importance of the E /S products in parasite biology 
the present investigation was under taken, which involves a number 
of very preliminary studies covering immunological and biochemical 
aspects that would enrich the information on the amphistome 
parasites. It will not be out of place to mention that whatever little 
work has been carried out, it was in a moderately equipped laboratory-
and many aspects could not be studied due to meager resources and 
lack of basic facilities. 
The salient features of the results are summarized below according to 
different chapters. 
Chapter-I deals with the polypeptide and antigenic profile of both liver 
and rumen amphistomes, Gigantocotyle explanatum and Gastrothylax 
crumenifer, respectively. It was also compared with some other 
concurrent trematodes, which infect the water buffalo. Species specific 
polypeptides had different molecular weights, suggesting their possible 
significance for diagnosis. The heterogeneous antigenic profile was 
also observed with considerable cross-reactivity among the 
concurrently occurring species. However, a common antigen of 63kDa 
detected by using anti coUagenase antisera, among all the species 
tested [Gigantocotyle explanatum, Gastrothylax crumenifer, 
Paramphistomum epiclitum, Orthocoelium scoliocoelium and Fasciola 
gigantica), could be explored for broad-spectrum protective studies in 
future. The ELISA results and also the antigenic profile as revealed by 
Western blotting show considerable variation between the E/S 
products of liver amphistome Gigantocotyle explanatum and 
Gastrothylax crumenifer. The differences were observed in the antibody 
titre as well as in the number of total and specific antigenic bands. 
Two distinct antigenic bands, 41kDa and 20kDa, were observed in G. 
explanatum. The anti- E/S and anti-collagenase antibodies strongly 
bind to the tegument and vitellaria of the two amphistomes suggesting 
that these region are main source of E /S and coUagenase production. 
Some anti-collagenase activity was also detected in the epithelial 
lining of the gut caecae, peripheral wall of the gonopore, moderate 
activity in testes and strong activity in uterus. However, on the basis 
of localization only it is difficult to identify the main region which 
might be contributing to the enzyme secretion in the E /S products, 
but functionally these molecules might be playing very significant role 
for parasites to survive in hostile environment within the host. 
Chapter-II deals with the characterization of proteinases released in 
the E /S products and the in vitro effect of Anthelmintic, rafoxanide, 
and the matrix metalloproteinase inhibitor, 1, 10-phenanthroline, on 
the enzyme release has been investigated. The in vitro released non-
specific proteases from liver amphistome, Gigantocotyle explanatum 
and rumen amphistome, Gastrothylax crumenifer hydrolyzed AzocoU, 
Benzoyl arginine ethyl ester (BAEE), Gelatin and Haemoglobin in a 
time dependant manner. The enzyme release from the liver parasite 
was significantly higher as compared to the rumen dwelling worms. As 
observed, the diluted samples showed restricted number of prominent 
bands. The concentrated E/S samples from the two amphistomes 
under study showed diverse gelatinolytic activity in the substrate-gel 
zymography. It was observed that the metallo-proteinases in 
amphistomes are secreted in latent form, which get activated by 
treatment with the mercurial compound, APMA. MMP-1 and MMP-2 
were the most prominent activated forms of the metallo-proteinases in 
these parasites. Both rafoxanide and 1,10-phenanthroline 
significantly affected he enzyme release as revealed by azocoU assay 
and gelatin substrate gel zymography. The percent reduction in the 
enzyme release was more significant in G. explanatum than G. 
crumenifer. The scanning electron micrographs of the drug/inhibitor 
treated worms revealed considerable damage to the tegumental 
surface of the liver amphistome, while damage was not as pronounced 
in the rumen parasite. The impairment of tegumental regions and the 
affected enzyme release suggest that the tegument of the amphistome 
could be one of the major sources of the secreted proteinases. It is 
suggested that these enzymes might be playing a significant role in 
tissue invasion, extra-corporeal break down of the host molecules, 
causing pathology, immune evasion, etc., in order to establish a 
successful host parasite relationship. 
Chapter-Ill deals with the Excretory / Secretory enzymes and some 
lipid per oxidation aspect. Some key enzymes of the two amphistomes 
under study have been analysed, which could be important for the 
establishment of parasites in the microhabitat, where they require 
enzyme activity for micronutrient uptake, to neutralize the free 
radicals, to remain firmly attached, to evade host immune responses 
etc. In the E / S products of both G. explanatum and G. crumenifer, the 
Acid- and Alkaline phosphatases, Acetylcholinesterase, Glutathione-S-
transferase. Superoxide dismutase and Catalase activities were 
determined, and considerable inter-generic differences were observed 
in some of the enzyme activities. The level of most of the secreted 
enzymes was higher in the liver E /S products as compared to the 
rumen parasites, which could be a reflection of occupying two 
different microhabitats. When host t issues were checked, a 
considerable decline in the SOD, GST and Catalase activity was 
observed in the infected tissues. The level of TEARS and Vitamin C 
were also decreased in Ihe infected tissues, viz: liver and rumen, of 
buffalo, clearly indicating that the infected animal undergoes 
considerable oxidative stress. 
Chapter-IV deals with analysis lipids and its fractions. Total lipids, 
cholesterol, triglycerides, phospholipids, free fatty acids of the E/S 
products of both G. explanatum and G. cnimenifer were analysed, and 
the results of the over all lipid profile revealed inter-generic 
differences. The level of total lipids as well as lipid fractions were 
consistently higher in the E/S products of G. explanatum, possibly 
because of the reason that liver is a nutritionally rich organ where 
from the flukes build up their energy reserves for prolific egg 
production, which continues throughout the year unlike the rumen 
amphistome which displays strict seasonal reproductive cycle due to 
which egg production ceases during the winter season and therefore, 
may not require to build up the lipid reserves. Further studies on the 
identification of fatty acids using GLC revealed some quantitative as 
well as qualitative differences in the FA profile of the two amphistomes 
with preponderance of C16 ( in E/S) and CI8 (in homogenate) fatty 
acids. 
It is concluded that the amphistome parasites excrete and secrete a 
wide variety of molecules that reflect not only inter-generic differences 
but also a possible influence of the microenvironment, which might 
influence the parasite physiology, and thus a need arises to produce 
functionally heterogeneous molecules which could contribute in the 
successful establishment of host-parasite relationship. 
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GENERAL INTRODUCTION 
The world's buffaloes are classified into 2 groups - the Asian 
and the African. The Asian buffalo is called Bubalus bubalis, which is 
the synonym for the domesticated wild Indian buffalo previously called 
Bubalus ami. Bubalus bubalis is widely dis t r ibuted in Asia and has 
also been introduced to Europe, near east, China, South America and 
the former Soviet Union and the Caribbean. According to livestock 
census (2003), India has 185 million catties (16% of world cattle 
population), 97 .9% million buffaloes (57% of world population), 61.5 
million sheeps, 124.4 million goats and 13.6 million pigs (Anon. 
2003). Only in India and Pakistan there are well defined breeds of 
buffaloes with s tandard qualities. There are 18 river buffalo breeds ii: 
South Asia, which are further classified into 5 major groups 
designated as the Murrah, Gujarat, Uttar Pradesh, Central India and 
South Indian breeds. Within these groups are breeds of which the best 
known breeds are Murrah, Nili/Ravi, Jafarabadi , Surti , Mehsana. 
Kundi and Nagpuri whereas most of the buffaloes of the Ir.dian 
subcont inent belong to a nondescript group known as the Desi 
buffalo. 
In India almost 70% of h u m a n populat ion depends on 
agriculture for livelihood (Delphine & Thatheyus , 2003) and about 40 
million people are engaged in the meat sector in the trade of live 
animals , hides, bones, horns , hooves etc (Ranjhan, 2004) The 
livestock contr ibutes significantly to gross domestic product (GDP) 
which is about 6% to the GDP and 2 5 % to agricultural GDP. It was 
est imated that the livestock sector h a s grown at an annua l rate of 
5.6% over the last two decades (Ali, 2007). In India, buffalo and cattle 
generate 32% of energy requirement for rural economy (Odend'hal, 
1972). Besides this , buffaloes have been used as mult ipurpose 
animals tha t help make h u m a n survival possible by serving as 
tractors, storage of family wealth, provide mea t and other dain.-
products which are enriched source of proteins in diet. Buffalo 
butterfat (Ghee) is the major source of cooking oil in some Asian 
countr ies . Besides this livestock provide skin, hides and dung for fuel 
and manure which are used for various agro-based industr ies. 
Besides, this s laughter houses produce large quant i t ies of ra\\-
material for pet food and the technology for its commercial utilization 
is evolving in India (Ranjhan, 1996, 2004). 
According to FAO (1994) statistics of the world's 149 million 
water buffalo population, 144 million lives in Asia and over half of the 
world buffalo population is present in India. In India riverine buffaloes 
have been selected for milk production to a larger extent as there is 
wide spread culture of consuming buffalo milk in India. India is 
largest producers of milk in world and it produces 90.7 million tones 
milk annual ly (Anon, 2003). In Punjab, nor thern India, the highest 
milk consumption in India is noted approximately 800gm/cap i t a /da} ' . 
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Besides milk India is also the highest producer of buffalo meat 
in Asia and ranks eight in the world for meat production. The 
contribution of buffalo meat to world total meat production is only 
1.3% where India produces 1.43 million tones of buffalo meat 
annually and account for 36% of the total meat production, 
contributing significantly to human nutrition and future potential lays 
for buffalo meat and meat products in India, both in domestic and 
international market (Murthy Ss Prince Devadson, 2003), a 250kg live 
animal produces a carcass of about 150kg fetching a price of Rs. 
65.00 to 90.00 (US $ 1.5 to 2.0) / kg in the international market and 
there is no exaggeration in saying that buffalo is black gold. 
The quality of buffalo meat is excellent, since it is lean, tender 
and juicy and export of buffalo meat has increased significantly over 
the last decade and the exports of live animals, meat, meat 
preparation and dairy products also registered a remarkable increase 
during the period (Kumar & Singh, 1999). The average consumption of 
meat in developing countries is 76kg/head/year (FAO, 1998). The 
changes in consumption pattern for all the developing countries has 
been predicted to increase from 17kg in 1989/91 to 25kg in 2010 and 
to 30kg in 2025 and buffalo meat has been considered to hold strong 
potential for meeting the future requirements of per capita 
consumption (Kondaiah & Anjaneyulu, 2003), Further, meat and meat 
preparations constitute about 88% of the export earnings from 
livestock sector, followed by earnings from export of live animals 
IV 
G. cnnnenifer G. exphinatwn 
B 
Figure 1: Whole mount preparation of A: Gastrothylax cnnnenifer, 
B: Gigantocotyle explanatum stained with alcoholic borax 
carmine (scale bar 2 mm). 
Ph: pharynx, U: uterus, G: Gut, VP: ventral pouch, Te: testes, 
Ov: ovary AC: acetabulum. 
Figure 2: Infected liver and rumen showing A: heavy infection of liver 
amphistome Gigantocotyle explanatum. Bile duct (arrows) 
enlarged and extensive liver damage can be seen, B: Heavy 
infection of Gastrothylax crumenifer in the anterior dorsal sac 
of the rumen of buffalo. The flukes often occur in clamps 
(arrow). Mucosa at the attachment site becomes depigmented. 
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India was an importer in livestock products till 1988 but this 
scenario changed drastically during the early nineties as its exports 
exceeded total imports significantly. The exports of leather goods are 
also consistently increasing (CMIE, 1998) and the earnings thereof 
can pay for the imports of new hides and skins. 
India, besides being the largest livestock population holder, fails 
to contribute significantly to national economy at the maximum 
potential due to lack of proper care and management and are rarely 
fed on antibiotics, hormones and growth promoters. The proper 
livestock management, essentially account for all those factors that 
contribute to the poor health of the livestock and hinder the maximum 
productivity. In India 99% of the milk producing buffaloes are owned 
by a small to medium land holding farmers and are the sources of 
small extra income where milk from both buffalo and cattle are 
produced and sold commercially. In India intensive feeding has been 
implemented for the first time over the years, 1999-2004, in a 
commercial feedlot for the production of quality meat in commercially 
controlled animal houses. But in common practice animals are fed 
only on grass and farm by-products, using pastures or poor crops, 
with no incentive to use high energy diets. Besides this bewildering 
array of infectious agent's attack the animals with effectiveness and 
ingenuity resulting in the frail and debilitating condition of the animal 
leading to heavy morbidity and mortality of livestock during epidemic 
\'ll 
out-breaks of various infections including parasites which reap an 
untold harvest of damage to livestock as well as reduce the food 
resources available for many millions of inhabi tants of India. 
Among the parasitic diseases, amphistomosis is one of the 
most common diseases of buffalo, particularly in tropical 
countries, caused by a wide variety of amphistome species. In 
some localities the prevalence of infection with amphistomes is 
80% to 90% and the level of infection in individual hosts can 
reach tens of thousands of flukes (Ambu, 1978). The various 
amphistome parasites of domestic ruminants have been examined 
in India by many workers (Thapar, 1956; Verma, 1957; Mukherjee 
86 Chauhan, 1965; Gupta 86 Nakahasi, 1977; Sey, 1979; Tandon & 
Sharma, 1981 etc.). Among the helminthic infections, 
paramphistomes constitute one of the most common and 
abundant group of digenetic trematodes of domestic livestock. The 
paramphistomes are digenetic trematodes which are distinguished 
from other forms by the possession of a posteriorly located 
acetabulum, responsible for causing the disease 
"paramphistomosis" in tropical and sub-tropical regions. 
Infections by adult amphistomes may be commonly found in 
sheep, goats, cattle and water buffalo in India as well as in other 
tropical countries. The disease "Paramphistomosis" is caused by 
the massive infection in the small intestine with immature 
Vlll 
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with high morbidity and mortality rates, particularly in young 
stocks. 
Adult amphistomes of the rumen (Figure 1) generally render 
a low pathogenicity causing acute catarrhal and hemorrhagic 
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inflammation in the abomasum, duodenum and jejunum with 
associated anemia, hypo proteinaemia while liver amphistomes 
(Figure 1), produce hemorrhage, pronounced periductal fibrosis 
(Figure 2) and other hyper plastic changes (Kulasiri 85 Seneveratne, 
1956; Arora 85 Kalka, 1971; J h a et al, 1977). On the other hand, 
during migration, in the intestine immature amphistomes cause 
severe pathological disorders including acute catarrhal and 
hemorrhagic inflammation associated with anemia, hypo 
proteinaemia an edema (see review by Horak, 1971), often leading 
to general debility, enteritis, development of foetid diarrhea and 
death (Baki & Hossain, 1990). The symptoms of the disease 
include general weakness, increasing anorexia and polydypsia. 
Pande,(1935) recorded 30 to 40 % mortality amongst the cattle in 
Assam due to immature Paramphistomum spp. The 
paramphistomes associated with epidemics in Uttar Pradesh, in 
order of frequency, were Gastrothylax crumenifer, Cotylophoron 
cotylophorum, Paramphistomum cervi, Fischoederius elongatus and 
Paramphistomum. explanatum (Katiyar 8& Varshney, 1963). Data on 
outbreaks of amphistomosis have been comprehensively reviewed 
by Dutt (1980). In Orissa, fatal paramphistomosis caused by 
C. cotylophorum and G.crumenifer were recorded in buffalo calves 
(Panda & Misra, 1980). In Calcutta, 9 1 % infection of Gigantocotyle 
explanatum in buffaloes and among rumen flukes, the immature 
amphistomosis by 28 species of amphistome parasites like P.cervi, 
C.cotylophorum, Calicophoron calicophorum, G.crumenifer, F. 
elongatus, F.cobboldi have been reported by Sharma,(1987) which 
cause inflammation in the duodenum and upper ileum. Like many 
other helminthic diseases of domestic animals, no estimations 
have been made on the economical impact of paramphistomosis 
Mukherjee 85 Chauhan (1965) commented that "paramphistomes 
undoubtedly constitute one of the most important groups of 
helminth parasites (in India) undermining the health of 
domesticated animals and causing considerable monitory loss to 
stock owners". Besides large visible losses through mortality of 
sick and malnourished young animals, there are undoubtedly huge 
economic losses resulting from suboptimal productivity due to 
clinical and sub clinical infections. In India, outbreaks of 
paramphistomosis are frequently reported from ruminants (Figure 
3). A survey on epidemiology of paramphistomes from our 
laboratory revealed varying intensity of prevalence of a large 
number of species. Survey of the buffalo population revealed that 
92-94% of them were infected with paramphistomes, P.epiclitum 
being the most common species (88.34% incidence) infecting 
rumen. Among the bile duct parasites G. explanatum was the most 
wide spread amphistome infecting 37.66% of buffalo livers (Hanna 
et al, 1988). 
The life histories of numerous paramphistome species have been 
reviewed by Yamaguti (1975). The life cycle of those parasites 
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infecting ruminants is basically similar to that of Fasciola hepatica 
involving a sexual phase of reproduction in the definitive host 
(Figure 4). The adult parasite is found in the fore stomach, bile 
ducts or intestine of the definitive host, depending on the 
particular species. Large, non-embryonated, operculate eggs, 
possessing a peculiar keratin type shell (Madhavi, 1966; Arfin & 
Nizami, 1986) are voided with the faces and if they fall into water, 
development is completed in 7 to 10 days during warm weather. 
Upon hatching, the free-swimming ciliated miracidium locate and 
penetrate a suitable molluscan intermediate host within 8 to 10 
hours. Numerous and diverse snail species have been found to act 
as intermediate hosts for larval paramphistomes (Monnig, 1938; 
Soulsby, 1971) but in India, the commonly infected species are 
Indoplanorbis exustus, Gyraulus convexiusculus and Lymnea spp. 
(Firasat 8s Nizami, 1989). The miracidium transform into a small, 
short lived sporocyst in the foot, mantle or t issues lining the 
respiratory chamber. Numerous asexually produced rediae are 
liberated which migrate through the snail t issues to the digestive 
gland where they may give rise to subsequent generation of rediae 
and require a further period of maturation in digestive gland 
t issues before emerging from snail. Mature cercariae are large and 
often highly pigmented having distinct eye spots. They show 
photoreceptive and geonegative swimming response which brmg 
them to water surface where they are quickly encysted on 
Xll 
vegetation and shed their tails and ultimately form metacercariai 
cysts. When consumed by a suitable host, the metacercariae 
excyst in the duodenum, either penetrate the mucosa or some 
times the submucosa where they feed for several weeks on host 
tissues before migrating to their final site of development in the 
rumen, bile ducts, caecum or colon. 
In order to control any parasitic infection it is necessary to 
have a complete background of metabolism. The literature relating 
t 
t Miracidium Penetrates Snail 
# 
Figure:4 General plan of life cycle of amphistomes. 
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understand the parasite biochemistry and physiology, host-
parasite relationship, diversifications of biomolecules and 
adaptations found among different groups of parasitic helminths, 
Knowledge of these aspects will be useful to explore the various 
mysteries which can be exploited rationally to control the parasite 
problem. Although a tremendous amount of literature relating to 
the biochemistry and physiology of trematodes has been reviewed 
by many workers (Goil, 1957, 1958 a 85 b; Yusufi & Siddiqi, 1976; 
von Brand, 1979; Barrett, 1981; Smyth 85 Halton, 1983; Bahadur 
& Gupta, 1984; Awharitoma et al, 1988; Khan et al, 1990; Abidi 
& Nizami, 1995; Saifullah Ss Nizami, 1999) the branch of helminth 
physiology and biochemistry is still in its infancy. Understanding 
the physiology and biochemistry of a parasite in its original 
habitat is a difficult task. Amphistomes like all other trematodes 
complete their life cycle in different environments and experience 
the challenges posed by different micro and macro habitats. In 
micro habitat a parasite has to struggle for their existence by 
adapting to various physico-chemical conditions, as a result, a 
regular sequence of metabolic switches occur during the life cycle 
of parasitic helminths. There are various metabolic adaptations 
which distinguish parasites from their free living counterparts and 
give them a unique character. For example, occurrence of 
anaerobic pathways for carbohydrate break down, presence of 
metabolic switches, metabolic shunts , reduction of catabolic and 
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anabolic pathways showing biochemical economy and secretion of 
anti-enzymes etc. Apart from studying physiology, sound 
knowledge of parasite biochemistry is required for the development 
of new drugs and effective vaccines. The biochemical peculiarities 
identified in the parasite and host can be conveniently exploited 
for the application of chemotherapeutic and immunologic control 
measures. Thus parasitic idiosyncrasies evoked the interest of 
investigators to unravel the mysteries of parasitic adaptations. 
The application of a single method for the control has some 
limitations and has its own problems. For this reason, an 
integrated approach is being preferred. Before the implementation 
of an effective control programme it is mandatory to obtain the 
basic information on the biology, biochemistry and metabolism 
including both anabolic and catabolic aspects, analysis of 
excretory secretory products which might have a direct bearing on 
the host, be analyzed in order to identify the potential targets 
which could be exploited for various control strategies. 
Recently, Abidi 85 Nizami (1995) reported that the 
amphistomes G.explanatum and G.crumenifer utilize leucine, 
alanine, proline and methionine during in vitro incubations and 
that the worms also incorporate the tritium labeled amino acids in 
various t issues as revealed by micro autoradiography using pulse-
chase labeling technique. A combination of diffusion and carrier 
mediated uptake, possibly involving y-glutamyl transpeptidase was 
indicated. Further, it was observed that the difference in carrier-
affinity (Kt) and maximum uptake velocity (Vmax) for amino acids 
was suggested to possess multiple transport molecules by these 
authors. Furthermore, a number of 2-oxoglutarate linked 
t ransaminases were reported to be present in the cytosolic and 
mitochondrial fractions of G.crumeni/er and G.explanatum (Abidi 85 
Nizami, 1995; Saifullah &, Nizami, 1999). The subcellular 
distribution of glutamate dehydrogenase (GLDH) and arginase in 
these amphistome parasites was also observed (Abidi & Nizami, 
1995). 
The seasonal biochemical variations revealed fluctuations in 
the biochemical turnover particularly in the rumen infecting 
parasite G.crumenifer. Minor fluctuations were found in the liver 
parasite G.explanatum. The biochemical changes in G.crumenifer 
clearly revealed an association with egg production cycle in the 
parasite (Khan et ah, 1990). 
Recently the parasite ES products have gained increased 
interest in many studies pertaining to their potential role in 
identification of candidate antigens for the immuno-protection of 
the hosts. Helminths are known to produce an array of molecules 
of tremendous significance from physiological, immunological, 
pathological point of view (Tantrawatpan et ah, 2003, Bernal et al, 
2004, Robinson and Connolly, 2005). A large volume of data is 
available on the ES products of other parasites but such 
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information is lacking in amphistomes except Saifullah (1999), 
who obtained discrete antigenic profile of the E / S products but no 
information is available on the cross-reactivity of the identified 
antigens. The aim of the present endeavor was to obtain basic 
information pertaining to various components of ES products 
using basic biochemical and immunological approaches using 
adult amphistome parasites infecting liver and rumen of buffalo so 
that the information gathered may be helpful in the development 
and design of an integrated control programme of amphistomosis 
as envisaged by Nizami et ah, (1991). The two model amphistome 
parasites, Gigantocotyle explanatun and Gastrothylax crumenifer, 
infecting the buffalo liver and rumen respectively, were selected 
for the present study, in order to find out the inter-generic 
differences which might arise also as a consequence of occupying 
the diverse microenvironment. 
The present work was carried out in a moderately equipped 
laboratory where facilities available to the author were very limited 
and virtually the facilities for GLC and SEM were nonexistent, 
therefore, these facilities at the Central Drug Research Institute, 
Lucknow and All India Institute of Medical Sciences, New Delhi, 
respectively, were used. As a result due to the lack of resources 
only few aspects have been investigated and rtiany questions 
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INTRODUCTION 
A number of medically and economically important 
helminths of livestock and humans are endemic in the Indian sub-
continent. The parasites usually require two hosts for completion of 
their life cycle. The helminthic infection in the definitive hosts is of 
special interest as they cause massive mortalities, responsible for 
morbidity and severe pathological damage of man and its 
domesticated animals. There was a continual battle from a long 
time with attempts to prevent mortalities and reduce production 
losses due to worms as much as possible. Enormous research 
efforts and funding have been expended on attempts to develop 
reliable cheap vaccines, to date, this goal seems to be as elusive as 
ever. With the use of broad spectrum anthelmintics mortalities of 
livestock have now become a rarity in the temperate regions of the 
world but not so in the tropics and subtropics due to subclinical 
conditions, improper diagnosis and in case detection in the fields. 
Massive mortalities of young stock caused by internal larval stages 
are still tragically a common place phenomenon particularly in 
countries of Africa and Asia (Anon, 1991; Griggs, 1996). 
For effective chemotherapy successful parasitological 
diagnosis is to be made. The conventional approach for diagnosis of 
parasitic infections is usually based on fecal egg count, a method 
which is often unreliable because parasite eggs are not found 
during prepatent period and acute disease is caused by migrating 
immature s tages before diagnosis can be made by fecal 
examination. Analysis of various se rum enzymes released a s a 
result of organ damage are also used to diagnose infections but 
again is non specific, therefore, is of limited use . Thus , for acute 
stages of infection in which examination for parasi te worms or eggs 
are not useful, immunodiagnosis (ID) could be of immense value. 
In the present day c i rcumstances accurate appreciation of 
the prevalence of disease is difficult without detailed knowledge of 
serological indices as Kagan, (1972) observed that valuable 
information can be derived through serological methods at a small 
expense and labor which cannot be easily and accurately derived 
by old epidemiological methods . It ha s been demonst ra ted that 
population in low endemic areas with adequate sampling 
serological responses provide information on disease experience 
which when combined with routine surveillance da ta was of value 
in defining more precisely local levels of endemicity and 
t ransmission. 
Serological tes ts t ha t employ the intact organism as ant igens 
(Ags) like. Immunofluorescence test (IFAT) and agglutination tests 
have provided the excellent serodiagnostic tes ts for t rematode 
infections (Kagan and Pelligrino, 1961; Kagan, 1968) bu t the use of 
intact organism as Ag impose certain inflexible intrinsic limitations. 
Necessarily, one m u s t be satisfied with the parasi te surface Ags 
which may or may not provide the greater specificity and 
sensitivity. The procedures tha t employ soluble Ags are 
complement fixation, indirect haemogglutination (IHA), precipitin 
or flocculation test and the quality of such tests can be improved 
by employing purified fractions free from generic antigenic 
components . The basic need of any such serological test is the 
availability of suitable Ags free from heterologous cross reactivity 
encountered in phylogenetically related organisms. In this context 
analysis of specific Ags can be of diagnostic value and may replace 
the stool examinat ion if sensitive and specific Ags of paras i tes are 
determined and well characterized. 
For ID and immunoprotect ion (IP) s tudies isolation, 
purification and characterization of Ags is required. The somatic, 
surface as well as excretory/secretory (ES) products of adult 
parasi tes have been widely used as target Ags. An insight of 
individual Ags, their abundance , non cross-reactivity with other 
parasi tes and immunogenicity is a prerequisite for developing a 
proper immunodiagnost ic method. But various workers have 
advocated us ing simpler antigenic preparat ion in these tests for eg. 
ES products , surface Ags or biochemical fractions of the complex 
extracts. 
Varieties of molecules are excreted/secreted by the viable 
parasi tes into their hos ts . The complexity of the parasi te and their 
life cycle is reflected in the diversity of the na tu re of these 
molecules (Stirewalt, 1963). Several terms like exo Ags, E / S 
products or in vitro released ant igens (Anders et al, 1982) have 
been used to describe materials collected from the helminths in 
vitro and shown to be produced or a s sumed to be produced in vivo. 
Various s tudies have been carried out to characterize the parasi te 
Ags and of m u c h Ags of the parasi tes only few Ags showed 
diagnostic potential. The species specificity is required to prove 
usefulness in ID. Attempts have also been made to diagnose 
h u m a n as well as animal infections by detecting Ags in the 
diseased na tu ra l as well as experimental hos ts . In the previous 
s tudy by Saifullah, (1999); Saifullah et al, (2000 a & b); Ahmad et 
al, (2001), a detailed analysis of crude and partially purified ES 
fractions of amphis tome parasi tes was carried out bu t they (loc cit.) 
addressed the issue of antigenic specificity but not cross reactivity 
in spite of the fact tha t amphis tome group includes a wide variety 
of flukes infecting the livestock of this region. 
In many s tudies the fractionation of Ags has reduced the 
cross-reactions. Although the crude Ags exaggerate the problems of 
cross-reactivity bu t it can well be used to identify Ags specific for 
the infection. Therefore, an a t tempt was made to characterize the 
ES Ags of amphis tome paras i tes and the issue of an antigenic 
specificity and cross reactivity from the concurrent infections of 
buffaloes was examined. The analysis of novel Ags from the 
concurrent infection will provide explanation regarding the gross 
picture of Ags tha t cross react with se rum Ab of these 
amphis tomes and will give the overall view of the antigenic 
heterogenity or antigenic polymorphism which may find the relative 
merits of E / S Ags of these parasi tes for specifically diagnosing the 
infections. 
The relat ionship postulated between the cytological 
distribution of Ags or enzymes and their functions in 
platyhelminths is one of long s tanding to indirectly identify the 
possible functions and the source of secretion. Many cell biological 
and biochemical approaches have classified major Ags into the 
subcellular components of parasi tes . Previous reports have 
observed a release of Ags from highly specialized organelles like, 
gut, secretory organs , tegument , vitellaria and gonads. In an 
a t tempt to develop a suitable serological test specific Ags may be 
isolated from the parasi tes . It ha s been proposed previously that 
harvesting limited n u m b e r of Ags from group of Ags may either 
increase or decrease the sensitivity of ID tes ts and also it is 
necessary to select those Ags which are responsible for major part 
of the humora l response. Therefore, in order to identify the 
immunologically active sites of the paras i tes where production of 
these immunologically important molecules takes place and which 
can either be used as a potential source for the isolation of 
antigens, IFA test was performed on whole worm sections of the 
worms us ing hyper immunized sera (HIS) from rabbi ts . 
In chapter two of the present s tudy variation h a s been shown 
in the matrix metallo proteinase (MMP) activities released by the 
amphis tome paras i tes unders tudy . The possible role of the ES 
including MMPs on the penetrat ion activity in amphis tomes is 
doubtful as the adul t paras i tes do not in general penetrate the 
definitive hos ts . Thus the enzymes may appear to be of importance 
in the digestive capabilities and may also act as potent Ags. One 
way by which the role of collagenase in the physiological and 
pathological conditions can be clarified is by the use of a specific 
an t i serum to demonst ra te the enzyme in t i ssues . This requires the 
purification and characterization of enzyme for the production of 
the specific ant isera. In the present s tudy commercially available 
bacterial collagenase is used to prepare specific anti collagenase 
sera (polyclonal) to check the antigenicity of the released MMPs and 
their accurate t issue localization. 
REVIEW OF LITERATURE 
Excretory /secretory ant igens 
In the last half century immunology and immunological 
methods were one of the most rapidly searched fields of 
parasitological sciences. The studies aim and focused to complete 
analysis of the parasi te antigens so that most informative 
experimental sys tem or tests could be developed and can be used 
for the ID and or IP. 
ID of parasi t ic infections h a s become a challenge pursued 
with vigor for several decades. For successful diagnosis it is 
required to identify and characterize the specific parasi te proteins 
which may be recognized by immune sera. Three types of Ags have 
been examined in paras i tes so far, somatic, ES and surface Ags. In 
addition cyst fluid of larval cestodes has also been considered as 
fourth antigenic component (Chowdhary and Tada, 1994). 
Molecules derived from the tegument or cuticle of helminths 
may make a subs tan t ia l contribution to the contents of ES 
products of the paras i tes maintained in vitro (Philipp 85 Rumjaneck, 
1984; Lightowlers & Rickard, 1988). Various ES Ags have been 
successfully used by various workers for the ID of parasitic 
infections because major immunological response of the host can 
be expected against the Ags which are excreted/secreted by the 
worms (Cornelissen et al, 1992; Maleewong et al, 1996, 1999; 
8 
Martinez et al, 1996; Shiref et al, 2 0 0 1 ; Lee et al, 2002; Intapan 
et al, 2003 ; Mezo et al, 2003; Sanchez et al, 2003 ; Naram et al, 
2005; Diaz et al, 2005; ElRidi, 2007). In a n u m b e r of serological 
test us ing ES Ags released by the living parasi tes into the host 
environment, it is s tated tha t ES Ags are likely to be more sensitive 
than the same test us ing total adul t worm Ags. Further , the 
demonstra t ion of ES Ags in the circulation of the infected host 
provided an accura te and convenient means of diagnosing active 
infection as only living worms can secrete circulating Ags. Rotmans 
et al, (1981) found potential increase in the specificity of the 
immunodiagnost ic tes ts when whole worm antigen preparat ion of 
S.mansoni was replaced by an ES preparat ion. Overall high 
antibody response was found in hams te r s against the ES Ags of 
Opisthorchis vivermi when compared to the response against 
somatic and egg Ags (Sripa 85 Kaewkes, 2000). Titration of ES Ags 
of O.felineus by us ing cons tant dose of immune sera was detected 
in concentrat ion 50-100% less than the somatic or egg Ags 
(Kotelkin et al, 1997). Moreover, Narain et al, (2005) reported 
100% sensitivity of both somatic and ES Ags of Paragonimus for 
the ID of infection bu t somatic Ags were found less reliable in 
diagnosis because of low specificity (91.3%). The ES Ags of 
Clonorchis sinensis have also been suggested to be more sensitive 
and specific than crude Ags for diagnosis of active clonorchiasis 
(Kim, 1994, 1998; Choi et al 2003). 
In a range of s tudies ES Ags have been collected and 
characterized following in vitro cul ture of parasi tes . In the above 
detailed antigenic analysis of parasi tes ES products , it was found 
that they comprised of a variety of heterogenous population of 
proteins. The secreted proteins may undergo accelerated evolution 
either because of released functional constraint or in response to 
stronger selective pressure from the host immunity (Harcus et al. 
2004). Son 86 Liu (1991) showed that the ES a n d g e n s of 
S.japonicum adu l t worm consti tuted complex antigenic components 
as revealed by SDS-PAGE. Kusel et al, (1975) reported a broad 
analysis of ES products of adult S.mansoni collected by in vitro 
cultivation. These au tho r s labeled ES Ags of S.mansoni with ^H-
leucine and ^^ =1 and showed wide variety of polypeptides m the Mr. 
range of 13 to >200kDa. Further , metabolic labeling with ^^S-
methionine followed by SDS-PAGE and autoradiography or 
fluorography revealed a variety of newly synthesized methionine 
containing proteins ranging from 12 to >200kDa (Lodes and 
Yoshino, 1989) in sporocysts of schistosomes. Tracing the origin of 
ES products , several molecules were also found to be associated 
with surface of the sporocysts. 
Worms and their products are antigenically very complex in 
different developmental stages within the host, t h u s expressing the 
degree of cross reactivity (Choi et al, 1981; Lee et al, 1988). There 
are many reports of cross reaction among paras i tes . Findings 
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reveal tha t range of Ags show cross reactivity with parasi tes of 
concurren t infections. Number of Ags evaluated for sensitivity and 
specificity in the immuno haemogglutination assay, agar gel 
precipitation test, Western Blotting (WB) and Enzyme Linked 
Immunosorben t Assay (ELISA) indicate strong cross reactions. The 
bulk of the published work on the ID clearly demonst ra ted 
extensive cross reactions between sera of animals with suspected 
infections and crude Ags of other parasi tes . The sensitivity of 
antibody detection was acceptable but unfortunately antibody from 
individuals infected with parasi tes cross reacted. Immunological 
cross reactivity between parasi tes hampers the use of crude 
antigenic preparat ion for the diagnosis of infection. The metabolic 
Ags of F.hepatica have shown to be of potential uSe in ID and 
Cuperlovic and Lalic, (1972) were able to detect infection before the 
appearance of clinical signs and detection of eggs in faeces but a 
mixture of Ags present in ES products of paras i tes generally lead to 
ra ther unspecific test. In another s tudy a time course analysis of 
antibody response to F.gigantica infection in sheep was studied by 
ELISA and Electro Immuno Transfer Blot (EITB) by Guobadia 86 
Fagbemi (1995). In this s tudy sera from sheep, experimentally 
infected with F.gigantica, reacted with the ES Ags of the worms and 
also most of its Ags were found cross reactive with Ags of 
pa ramphis tomes and Dicrocoelium. However, in an another study 
analysis of Fasciola adul t worm ES products by SDS-PAGE 
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revealed a n u m b e r of bands from 14 - 200kDa of which Fasciola 
specific ES protein fraction band 49.5kDa proved to be specific to 
F.gigantica infection while high Mr. wt. protein cross reacted with 
S.mansoni (Arafa et at, 1999). 
In various a t t empts the possible solution to the problem of 
specificity was suggested to identify species specific extracts of the 
parasi tes (Murell et al, 1974; Lehner and Swell, 1980; Pfister et ai, 
1984; Marrero et al, 1988) for which n u m b e r of approaches were 
examined to increase the specificity of antibody detection system. A 
similar approach suggested to increase the specificity of antibody 
detection test is by fractionating whole paras i te proteins and to 
identify the fraction which provide best resul ts and to use the 
purified individual Ag which can reduce the cross reactions. 
Several groups have reported the purification of the immune 
dominant Ags from the ES products of the liver fluke for the ID of 
fascioliasis (Yamasaki et al, 1989; Cordova et al, 1997). Still in 
fractionation s tudies majority of works reported mostly 2 or 3 Ags 
giving species specific appearance. Kim et al, (1983) purified the 
whole worm (WW), excretory-secretory (ES) and ES free, somatic 
extracts (SE) of P. westermani obtained from experimentally infected 
dogs. The sephadex G-200 filtration produced 3WW, 2ES and 3SE 
fractions which m micro-ELlSA using positive h u m a n sera revealed 
the first ES and WW fraction to be highly antigenic. The 
immunodominant ant igens of an approximate 27kDa were 
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obtained from the ES products of adult F.gigantica by cont inuous 
elution method and sensitivity, specificity and positive and negative 
predictive values for this in ELISA using fractionated Ags was given 
100% by Maleewong et at, (1999). Revilla-Nuin et al, (2005) 
characterized and isolated D.dendriticum Ags and their fractions for 
the immunological diagnosis of dicrocoeliasis. They analyzed the 
ES Ags by SDS-PAGE and evaluated their specificity by western 
blot (WB) with homologous and heterologous sera. The suitability of 
130kDa monomer of 450kDa polypeptide of D.dendriticum infection 
for diagnosis was confirmed by WB using a pool of sera as well as 
individual se rum samples from experimentally infected sheep. In 
the same s tudy partially purified ES Ags of D.dendriticum revealed 
7 Ags in the ES products with apparent molecular m a s s in the 
range of 26 - 205kDa of this 42kDa ES Ag showed strong 
immunoreactivity and specificity. However, Fast Protein Liquid 
Chromatography (FPLC) fractionated F.hepatica ES Ags 
discriminate infected and uninfected animals . Using ELISA and 
WB, Ags present in peak 4 (7 - 40kDa) were found specific for 
diagnosis of infected sheep's (Mezo et al, 2003). In an another 
s tudy immunodominan t Ag of an approximate molecular mass of 
27kDa were obtained from the ES products of an adul t F.gigantica 
and its specificity and sensitivity was confirmed by dot ELISA 
which was often rapid and inexpensive (Intapan et al, 2003). 
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In few a t tempts cloned Ags had overcome the cross reactivity 
difficulty and some of the parasite Ags have been cloned and 
isolated. Production of specific serodiagnostic Ags using rDNA 
technology approach is used by many for the production of Ags for 
diagnosis of parasit ic infections (Carnevale et ah, 2 0 0 1 ; Cornelissen 
et al, 2001 ; Tant rawatpan et al, 2005). Monoclonal antibodies 
have also been used to identify and biochemically characterize 
specific Ags of diagnostic importance (Maleewong et al, 1997; 
Fagbemi et al, 1997; Diaz et al, 1998; Dumenigo et al, 1999). 
Further , rapid and highly sensitive and specific peptide ELISA 
method was generated using synthetic peptide like, against 
cathepsin L for serodiagnosis of h u m a n fascioliasis which showed 
potential of peptide antigens in diagnosing infection (Intapan et al, 
2005). 
In some studies use of specific ant ibody isotypes and 
subclass was found to increase the specificity of detection of 
infection. Study carried out by Noureldin et al, (2004) reported, 
several assays detecting IgA, IgGl and IgG4 in the se rum against 
the ES Ags of Fasciola. These, antibodies detecting assays , showed 
high sensitivity and specificity for Fasciola diagnosis and assays 
detecting salivary and fecal IgA and were found promising in 
diagnosing Fasciola especially in epidemiological s tudies . Similarly, 
Wongkham et al, (2005) indicated tha t the detection of IgG4 
antibodies against the ES products of P.heterotremus of an 
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approximate m a s s of 31.5kDa is tlie most reliable test to diagnose 
h u m a n paragonimiasis . Osman et al, (1995), highly recommended 
the test system using F.gigantica ES products by IgM ELISA for 
diagnosis of acute fascioliasis. 
In a few studies decline of Ags after t rea tment with 
anthelmint ics was found as a good predictor of infection. A rational 
behind such s tudies on antigen characterization was also to 
develop a serological test which could monitor the effectiveness of 
parasite control programmes (Mbuh 86 Fagbemi, 1996). The 
accurate and early diagnosis of infection helps in the prompt 
initiation of drug t reatment and better management of disease. 
Several immunological tests like DID, Immunoelectrophoresis (lEP), 
IHA etc. have been used for decades to confirm the diagnosis of 
parasitic infections. However, ELISA based diagnostic tes ts have 
gained the m.ost popularity due to their sensitivity and 
reproducibility. ELISA was used as a suitable tool in sero-
epidemiological s tudies (Youssef & Mansour , 1991). Various 
modifications of ELISA, Dot-ELISA, antigen cap ture ELISA were 
tried successfully by many for sero diagnosis of parasi t ic diseases 
(Toledo et al, 2003; Sakru et al, 2004; Mezo et al, 2004; Kumar et 
al, 2008). In conclusion ELISA methods were found useful 
especially in the laboratory diagnosis of many t rematode infections 
in clinically suspected individuals al though field evaluation of these 
tests are ra ther few (Massoud et al, 2000; Sripa 86 Kaewkes, 2000; 
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Almazan et al, 2 0 0 1 ; Neyra et at, 2002; Haseeb et al, 2003; 
Nockler et al, 2003 ; Sanchez et al, 2003). Santiago et al, (1986) 
reported the crude F.hepatica ES products , when tested by ELISA 
had a high reactivity with the sera from rabbi ts with acute 
fascioliasis. Fur ther , Toledo et al, (2005) reported antibody titer of 
the se rum of mice infected with E.caproni by an indirect ELISA 
using ES Ags. They (loc cit.) detected significant antibody response 
at 2 weeks post infection (wpi). Anderson et al, (1999) measured 
the antibody concentrat ion of the ES Ags of Fasciola sp. by ELISA 
which gave 8 6 . 1 % sensitivity, 70% specificity and 82.6% overall 
accuracy. The positive and negative predictive values for their tes ts 
were 91 .2% and 5 8 . 3 % respectively. Martinez et al, (1996), 
detected Fasciola hepatica ES Ags, between 15 and 30 days post 
infection (pi) by ELISA, while eggs appeared in the faeces between 
60 and 90 days pi. The ES Ags of F.hepatica were evaluated in the 
diagnosis of parasitologically proven cases of h u m a n fascioliasis 
compared with proven cases of h u m a n S.Tnansoni and parasi te free 
individuals by ELISA. The ELISA gave 100% sensitivity and 
specificity while IHAT was found to be less sensitive and less 
specific (Haseeb et al, 2003). Using ELISA technique Manga-
Gonzalez 86 Gonzalez-Lanza, (2005) reported, IgG antibody 
response to ES and somatic Ags of D.dendriticum positive from day 
30 pi., a l though, the max imum antibody response was observed on 
60 days pi. In another s tudy Juyal et al, (2005), standardized 
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indirect Dot-ELISA for detection of paramphis tomosis us ing bovine 
sera samples in the field. Of the adul t buffaloes, buffalo calves, 
cattle and cow calves, 93 samples were positive for paramphis tome 
antibodies and overall 79.48 % positivity of samples was recorded 
in the study. 
The ES enzymes released by the worms may include a variety 
of hydrolytic enzymes tha t may function in the breakdown of host 
t i ssues (Tort et al, 1999). There is now increasing evidence to show 
that extracellular proteases secreted by helminths help to mediate 
extracorporeal digestion, immune evasion, and penetrat ion. 
Parasite pro teases are usually immunogenic and have been 
exploited as serodiagnostic markers (Yamasaki et al, 1989; 
Fagbemi & Goubadia, 1995; O'Neil et al, 1998; Cordova et al, 
1999; Dixit et al, 2002, 2004; Sriveny et al, 2006). In t rematodes 
cysteine prote inases are usually immunogenic and have been 
exploited a s serodiagnostic markers and vaccine targets (Sajid & 
McKerrow, 2002). Rokni et al, (2002), detected IgG response to ES 
products a s well as cathepsin LI of Fasciola. Both cathepsin LI 
and ES products of Fasciola exhibited a sensitivity of 100% and 
specificity of 100% and 98.97% respectively in ELISA. Monoclonal 
antibody, ES-78, obtained from spleen lymphocytes of a mouse 
immunized with ES Ags of F.hepatica adul t worms, identified 14 -
20kDa, 25-29kDa and 36-45kDa Ags and demonst ra ted proteinase 
activity similar to cathepsin L. It was also suggested as a possible 
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target in the protection against fascioliasis (Marcet et al, 2002). 
Further , Fas2 ELISA is proposed as a sensitive assay for the ID of 
fascioliasis (Neyra et al, 2002). ES- products , F a s l - and Fas2-
ELISA used to survey 307 alpacas from F.hepatica endemic area in 
the Peruvian Andes showed that F.hepatica infected animals elicits 
circulating antibodies against ES, Fas l and Fas2. 
The paras i te metallo proteinases are implicated in important 
host parasi te interaction and for this reason recent reports have 
proposed the use of parasitic metalloproteinases as alternative 
target for induced immune response and a s a rich source of 
antigenic material (Wertheim et al, 1983; Hotez et al, 1985; 
Kennedy 85 Qureshi , 1986; Yamasaki et al, 1989). Peterlanda et 
al, (1986) reported antibodies to filarial collagenase in sera from 
pat ients with onchocerchiasis and brugian filariasis and from mice 
immunized with B.malayi. The differences observed in the activity 
of microfilarial enzymes, were 80 fold less in B.malayi t han 
O.volvulus and antibodies present in the patient sera 
immunoprecipi ta ted the collagenase bu t did not inhibited the 
enzyme activity. A 45kDa Zn metalloprotease isolated from the in 
vitro cul ture fluids of adul t T.suis was found to be bound to the 
st ichosome, a secretory organ, and was involved in the breakdown 
of host t issue during the burrowing activity of adul t worms (Hill et 
al, 1993). A 175kDa collagenase of S.cervi involved in inducing 
immunity against B.malayi was studied by Srivastava et al, (2004) 
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86 Pokharel et al, (2006). The immune sera raised against this Ag 
in j irds promoted partial adherence of peritoneal exudates cells to 
B.malayi mf. and infective L3 larvae in vitro and induced partial 
cytotoxicity to the parasi tes within 48h. Similarly, immunogenic 
40kDa zinc endopept idase now termed as Ss40, is reported to 
stimulate the in vitro release of his tamine from peripheral blood 
leukocytes of S.stercoralis infected h u m a n s (Brindley et al, 1995). 
Many reports focused on the ES Ags as targets of protective 
cell mediated immunity and diagnostic markers relatively less 
attention h a s been paid to the localization of the site of production 
of immunologically important ES products i.e. original localities. 
The parasitic he lminths possess specialized excretory/secretory 
organs, some of which have been implicated as the source of 
molecules which are antigenic to the infected host . For most 
parasitic he lminths , ES Ags have not been fully defined and only 
few reports describe the localization of individual ES Ags. Using 
immunohis tochemical methods, the Ags of Paragonimus skrjahini 
were shown to be mainly localized in the caecum, tegument, 
oesophagus, excretory bladder, pharynx, u t e r u s and oral sucker (Li 
86 Bao, 1992). Abdel-Rahman et al, (1999) reported the usefulness 
of 26-28kDa coproantigens of F.hepatica for diagnosis of infection 
and showed their presence by indirect immunofluorescence in gut 
cells and tegument of the adult worms. In this s tudy coproantigens 
were biochemically characterized with the aid of monoclonal 
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antibody (MoAb) and no protease activity was found associated 
with tliese 26-28kDa coproantigens. Li et ai, (2004), studied organ 
specific Ags of C.sinensis by immunoblot t ing and detected the 
differential expression of specific antigenic protein bands from 
different organs. The main component of the ES product of 
C.sinensis comprised 7- and 17kDa bands and the presence of 
17kDa protein was observed in the ES products , intestinal fluid, 
eggs and sperms while 26- and 28kDa proteins were present in the 
u te rus , vitellaria and ovary, and 34-, 37-, 42- and 50kDa proteins 
were mainly found in the testis and sperms. The 50kDa protein by 
immunohis tochemical staining showed positive reaction at the 
seminal receptacle and seminiferous tubule. 
Hong et al, (2001a) studied the chronology of IgG antibody 
production in Clonorchis sinensis by immunoblot t ing and lEM. In 
Clonorchis sinensis the Ags greater t han 34kDa were shown to be 
derived from the tegument , testis and intrauter ine eggs until 12 
weeks post infection. After 20 weeks post infection the Ags of 
29kDa, 27kDa and 26kDa were recognized from the intestine, 
excretory bladder and reproductive organs. It is suggested that the 
tegumental proteins are the most potent Ags and the ES proteins 
with middle Mr. range of 26-45kDa contr ibute to the high level 
production of antibody after 20 weeks post infection. The MoAbs to 
O.felenius ant igens used for the localization of antigenicity detected 
their association with tegument , muscles , u t e ru s , gonads, intestine 
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and eggs of the liver fluke (Kotelkin et al, 2001). A promising 26- to 
28- kDa immunodiagnost ic Ags of Fasciola gigantica were located 
not only in the gut and tegument but their presence have also been 
demonstra ted in bile duc ts , the portal t racts of the liver and the 
mucosa and the epithelial lining of the gallbladders of infected 
cattle (Attallah et al, 2002). A 7kDa immunodiagnost ic Ag present 
in the ES p roduc t s of C. sinensis was observed in the basal layer 
below the tegumental syncytium, in the interstitial matrix of the 
parenchyma and in the content of the u t e ru s (Lee et al, 2002). 
MoAb produced against the 28-kDa protein, also present in the ES 
products of C.sinensis, localized protein in the parasite intestine 
(Yong et al, 1999). Similarly, MoAb produced against the soluble 
ES products of F.gigantica gave extremely bright fluorescence over 
all major muscu la r systems, vitelline glands, testes, and intestinal 
caeca (Maleewong et al, 1997). Further , Collins et al, (2004) 
showed the cathepsin LI activity of F.hepatica to be stored in 
secretory vesicles of the gastrodermal epithelial cells in its inactive 
proenzyme form. 
As outlined in the li terature ant igens collected from the ES 
sources analyzed by WB and ELISA provide a serological tests that 
can be better evaluated to generate a know how of various aspects 
of sero diagnosis such as sensitivity and specificity, therefore in the 
present s tudy amphis tomes ES ant igens h a s been analyzed for 
their diagnostic potential us ing the WB and ELISA and checked in 
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terms of sensitivity and specificity with other amphistomes 
infections. Present study was also envisaged to assess the 
distribution of antigens and collagenase in amphistomes in order to 
understand their possible function. 
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MATERIALS AND METHODS 
COLLECTION OF PARASITES 
Mature worms of G.explanatum and G.crumenifer from the 
freshly s laughtered buffalo were dislodged from the infected t issues 
in the laboratory and collected in Petri d ishes containing Hanks ' 
saline premainta ined at 37±20C. 
ANTIGEN PREPARATION 
ES Ags were prepared from adul t worms as described by 
Saifullah (1999), with some variation as outlined below and was 
used in WB and ELISA for the evaluation of antigenic heterogeneity 
and specificity. 
For the preparat ion of Ags freshly harvested and washed 
parasi tes of known weight were placed in the known volume of 
Hanks ' buffer. ES Ags were prepared using approximately lOg of 
worms in 100ml of buffer. Worms contained in large beakers were 
covered with a luminium foil and incubated in a metabolic shaker 
bath premaintained at 37±20C over a period of 2h. After incubation 
parasi tes were discarded and medium was centrifuged at 4^0 at 
2500 rpm for 20 min to remove eggs or debris . The superna tan t 
fraction was concentrated using Amicon ultrafiltration unit fitted 
with a polysulphone ultrafiltration membrane (3kDa molecular wt, 
retention limit) and then dialyzed against DDW to get the final 
buffer concentrat ion of lOmM. The protein content was determined 
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by the method of Spector (1978) utilizing the principles of dye 
binding of protein to CBBG-250 dye, us ing BSA as a s tandard. 
Concentrated aliquots of Ags were stored at -20^0 until further 
use. 
SODIUM DODECYL POLYACRYLAMIDE GEL 
ELECTROPHORESIS (SDS-PAGE) 
The ES proteins were separated on a 10% slab gel by SDS-
PAGE which was carried out in a vertical slab gel appa ra tus , 
according to the method of Laemmli (1970). The buffers and 
reagents for electrophoresis were prepared as given below: 
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PREPARATION OF GEL MOLDS 
For electrophoresis , slab gel molds were prepared using 1mm 
thick spacers according to the instruction m a n u a l provided by 
Bangalore Genei Pvt. Ltd. India. 
A 10% acrylamide resolving gel was poured into the glass 
plates mold (up to 6.0 cm height) and overlaid with DDW to prevent 
aeration and drying of gel surface. The gels were then left a t RT to 
polymerize for 20 min. 
After polymerization, DDW was drained along the edges and 
4 .5% stacking gel was poured on the resolving gel. A comb 
measur ing 1 m m thickness was inserted immediately inside the 
stacking gel by avoiding the trap of any air bubbles and kept for 
polymerization at RT for 1 5 - 2 0 min. 
After polymerization, comb was carefully removed by sliding 
vertically u p w a r d s and slots were rinsed with DDW 3 -4 times to 
wash out unpolymerised gel, if any. 
SAMPLE PREPARATION 
The samples were boiled for 5 min in l / 3 r d volume of, 4X 
sample buffer and loaded to wells with the help of sample 
applicator syringe. Simultaneously the s tandard molecular weight 
marker proteins ranging from 7 to >205kDa purchased from 
BioRad were loaded in wells adjacent to the samples. After 




Electrophoresis was carried out at a cons tan t current of 
15mA/slab gel a t 4^0 till the tracking dye reached the lower end of 
the resolving gel. The upper and lower chambers of the assembly 
were filled with Tris-Glycine-SDS buffer pH 8.3. The samples were 
applied to wells and electrodes were connected with power supply. 
SILVER STAINING OF GELS 
For silver staining, SDS-PAGE fractionated polypeptides were 
fixed by placing the gels into 50% methanol and 12% TCA solution 
for 30 min at room temperature (RT). The gels were then placed in 
10% ethanol and 5% acetic acid solution for 20 min. The gels were 
then soaked in 0 .05% APS solution for 20 min and afterwards 
rinsed several t imes with large volumes of DDW and then placed 
for Ih m 0 . 1 % AgNOa solution. After brief r insmg with DDW, bands 
were developed in a freshly prepared developer solution consisting 
of 2% Na2C03 and 50^1 37% formaldehyde. Gels were gently 
agitated unti l t rans ient brown color develops. After sufficient color 
development gels were washed in DDW and stained gels were 
preserved in 1% acetic acid solution for at least 6 min and 
scanned. 
MOLECULAR WEIGHT DETERMINATION 
The relative mobility (Rf) of each polypeptide was calculated 
using following formula: 
Rf = Distance migrated by a band of interest 
Distance migrated by a tracking dye 
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A s t andard graph using the Rf values of marker proteins 
was prepared and the Mr. of the bands was determined using 
individual Rf values. 
IMMUNIZATION OF RABBITS AND RAISING HYPER IMMUNE 
SERA (HIS): 
Laboratory reared rabbits , approximately 2kg weights were 
immunized with Ags for raising polyclonal HIS against ES products 
of amphis tome parasi tes . For immunization regime five doses of 
Ags ( Img/dose) were injected in rabbi ts through in t ramuscu la r 
route at four different sites, two at sub-scapular and two in thigh 
regions. First, water in oil emulsion dose, was prepared in Freund 's 
complete adjuvant (1:1) while rest of the four booster doses (1:1) 
were prepared in Incomplete Freund 's adjuvant and given to 
rabbi ts at an interval of 7 days. One week after the last injection, 
blood was collected from the marginal ear vein of rabbi ts and 
allowed to clot a t RT for an h and then overnight at 4^0. After clot 
retraction se rum was separated, centrifuged (5000 rpm for 15 min, 
Hitachi Koki Co. Ltd. Japan) and stored aliquoted along with 0.02% 
sodium azide (NaNs) at -200C for further use . 
For raising HIS against bacterial collagenase 0 .5mg/dose of 
purified enzyme was similarly administered in t ramuscular ly in 
rabbits as mentioned above. Normal control se rum was obtained 
from rabbi ts before immunization with Ags. 
29 
DOUBLE IMMUNO DIFFUSION (DID) 
To check the antibody titer of raised HIS simple method of 
Oucterlony's DID assay was performed with the ES Ags. To clarify 
possible relat ionship between the ES products and molecules 
within the paras i tes , somatic extracts of paras i tes were also 
reacted in DID assay. Agar gel diffusion precipitin test was 
performed following the procedure of Ouchterlony (1953). Following 
this 4.5ml of 1% agarose prepared in Phosphate Buffered Saline 
(PBS) was uniformly poured over the clean microscopic glass slide 
avoiding air bubbles and allowed to solidify for at least 20 min at 
RT. Wells were punched with gel puncher in agarose layer as 
required and loaded with antigen (Ag) and antibody (Ab) and 
incubated overnight in a humid chamber at room tempera ture (RT). 
Precipitin lines on agarose gel were recorded and slides were 
washed thrice with PBS, 90min each time to remove unprecipi tated 
material from the gel. Last washing of the gel was done in DDW. 
After tha t a piece of wet filter paper (Whatman No. 1) was placed 
over the slide and dried at RT for 30min. After drying, the gel was 
stained with 0 . 1 % aq. Amido Black stain and destained if required 
to remove the background stain. Finally the slides were rinsed in 
DDW and dried and photographed. 
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WESTERN BLOTTING (WB): 
WB was performed by transferring the SDS-PAGE separated 
Ags from the gel to PVDF membrane . Wet transfer of proteins was 
performed a s described by Harlow and Lane (1988). 
Following buffers and reagents were prepared prior to WB: 
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PREPARATION OF TRANSFER CELL AND PVDF 
The PVDF membrane of 0.4mm pore size was cut to match 
the gel d imensions and soaked in methanol unti l completely wet. 
The membrane was pre-equilibrated in transfer buffer prior to use . 
ARRANGEMENT OF POLYACRYLAMIDE MEMBRANE 
SANDWICH 
Small amoun t of transfer buffer was filled into a shallow tray 
and transfer casset te was opened into it. Fiber pad and 3 filter 
papers were cut accordingly to the size of gel (IF grade, 
Pharmacia), well soaked in transfer buffer and placed on a grey 
panel of transfer cassette. The gel was pre-equilibrated in transfer 
buffer for few seconds and placed over wet filter paper sheet on the 
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grey side of assembly. Edges were arranged properly to avoid the 
t rapping of air bubbles . The wet gel was placed on the PVDF 
membrane and marked with pencil to mark the orientation. A small 
clean glass rod was rolled over the sandwich to remove any trapped 
air bubbles . A second set of 3 filter papers and filter pad was 
placed over the membrane and again rolled by small rod. Cassette 
was closed and placed in electrode assembly so as grey panel faces 
grey and inserted in half filled buffer tank. Then cooling uni t was 
inserted and t ank was filled fully with chilled transfer buffer. 
ELECTRO TRANSFER 
Transfer of proteins was performed at cons tan t current of 
150mA for an hour . After the completion of transfer, casset te was 
removed carefully and placed in empty tray with gel side down. Two 
halves were disengaged and sponge pad along with filter papers 
was discarded. PVDF membrane was carefully removed by start ing 
at one end and peeling it away. 
IMMUNODETECTION 
The transfer of prestained markers was the criterion of 
effective transfer of sample proteins, and position of s tandard 
proteins on membrane was marked by pricking the side of the 
band with a pin. The membrane was kept in 50mM Tris-HCl buffer 
containing 150mM NaCl until further use at 40C. 
The antigenic polypeptides were detected as described by 
Harlow and Lane, (1988). After protein transfer, unoccupied sites 
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on membrane were quenched by soaking in blocking solution for 
2h at RT to cap the unwanted binding sites on membrane . 
Membrane was washed 3 times with washing buffer for 10 min 
each and was treated with selected HIS prepared in dilution 
solution at RT for 2h. For ES proteins, primary antibodies were 
diluted at 1:100 and for collagenase at 1:50 dilution was used. The 
membrane was washed thoroughly in washing buffer and after 
washing placed in a solution of goat anti-rabbit IgG, horse radish 
peroxidase at a dilution of 1:1000 prepared in PBS/blot to for 2h at 
RT. Finally membranes were vigorously washed in washing 
solution and placed in DAB subs t ra te solution until the antigenic 
polypeptides became visible. After the development of appropriate 
black purple color precipitate, membranes were washed thoroughly 
in DDW and then air dried. 
CROSS REACTIVITY 
The occurrence of concurrent paras i tes like, Fasciola 
gigantica, Paramphistomum epiclitum, Orthocoelium scoliocoelium 
which are u sua l in ruminan t s of the tropics was studied in relation 
to the reliability of serodiagnosis of infection with G.explanatum 
and G.crumenifer. For this, HIS against the ES Ags of G.explanatum 
and G.crumenifer were checked by WB against the ES Ags of 
P.epiclitum., O.scoliocoelium. and F.gigantica for cross reacting 
epitopes and their Ag specificity h a s been discussed in relation to 
ID. 
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ENZYME LINKED IMMUNOSORBENT ASSAY ( ELISA ) 
ELISA was performed to detect the presence of ES 
collagenase in the parasi te products and to check the antigenic 
potential of G.explanatum, G.crumenifer ES products . ELISA was 
carried out by the s tandard method of Voller et al, (1976) and for 
that following buffers and reagents were prepared: 





































Each well of polyvinyl micro titer plate (Dynatech, USA) was 
sensitized with 50f.il of ES Ags (lOmg/ml) prepared in coating 
buffer and incubated at RT for 4h and then at 4^0 overnight. The 
u n b o u n d excess Ags were washed away us ing PBS buffer 
containing 0 .05% Tween-20 (PBST). The unoccupied sites in the Ag 
wells were blocked by incubat ing each well with 150f.U of blocking 
solution at RT for 2h. Excess blotto was removed by excessive 
washing as above and incubated in control or HIS sera diluted in 
PBS containing 5% low fat milk. Serial dilution of se rum was made 
in plates and plates were kept at RT for 2h. Wells were then 
washed several t imes with PBST and incubated with alkaline 
phospha tase labeled goat anti-rabbit IgG at a dilution of 1:1000 for 
2h in PBST. After thorough washing subs t ra te solution (p-
nitrophenyl phosphate , I m g / m l DEA buffer) was added to each 
well and reaction was allowed to proceed at RT unt i l color develops. 
After sufficient color development, reaction was stopped by adding 
50).il of 3N NaOH to each well and the optical density was 
measured at 4 0 5 n m on an ELISA reader (SLT) against blank. 
Values obtained were plotted in the form of curves and bar 
diagrams us ing Harvard Graphics Computer Software. 
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LOCALIZATION OP ANTIGENS SCREENING BY AN INDIRECT 
FLUORESCENCE ANTIBODY TEST (IFAT) 
The origin of antigens in parasi tes was checl<;ed by IFA test in 
cryocut sections (Yorco). The freshly isolated adul t worms were 
quickly moun ted in a water soluble compound for cryostat 
sectioning, Tissue Tek II (-20^0) and sections of lOjam th ickness 
were obtained. Sections were collected on a pre coated albumin 
slides and air dried for an h at RT. Nonspecific binding sites of the 
sections were blocked with 5% blotto prepared in PBS (h). 
Afterwards slides were washed in PBS thrice for 10 min each and 
incubated in primary ant isera diluted 1:10 with PBS/blot to. 
Sections were then washed and incubated in FITC labeled 
secondary antibodies diluted 1:50 in PBS/blot to (for an h at RT). 
After the FITC conjugate exposure, slides to lights were avoided. 
Slides were washed again thrice with PBS and mounted in glycerol 
with the help of cover slip. The slides were examined unde r UV 
light us ing Nikon fluorophot microscope fitted with digital camera 
(USA). The pictures were scanned us ing lOx objectives initially and 
apple green fluorescence was examined thoroughly us ing high 
power (2Ox and 40x) magnification. Plates were constructed using 
Adobe Photoshop version 7.0. 
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RESULTS 
Results of the present s tudy are summarized in Figures 1-9, 
Table 1-6 & Plate 1-4. 
SDS-PAGE 
The proteins liberated from adul t G.explanatum and G.crumenifer 
either as excretions or secretions when separated by SDS-PAGE 
and detected by silver staining showed a remarkable similarity 
among the different polypeptides of paras i tes of concurrent 
infection. However, small differences both quantitative and 
qualitative based on the relative intensity of some bands could be 
detected in each of the worms unders tudy . The differences and 
similarities observed revealed several dominan t /p rominen t , 
common and specific protein bands in amphis tomes ES products . 
The individual paras i te ES proteins were separa ted out into various 
fractions, Figure 1, shows a protein profile resolved by glycine-
SDS-PAGE of ES products of different paras i tes . 
The ES products of G.explanatum separa ted out into a total 
of 16 distinct b a n d s on 10% gel. Silver staining resolved a number 
of polypeptides which ranged in an apparen t molecular weight (Mr.) 
17-116 kDa. The analysis of gel revealed tha t 116, 92, 86, 63 , 45, 
4 1 , 32, 25 and 17kDA proteins were predominant ly present in the 
ES products of G.explanatum. The electrophoretic pat tern of ES 
products of G.crumenifer revealed 22 polypeptide b a n d s in the <8 to 
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>205kDa range. On the basis of comparison based on the relative 
intensity 150, 116, 72, 63 , 45 , 40, 30, 23 and lOkDa proteins were 
predominant in the ES products of G.crwnenifer. In F.gigantica ai 
least 19 different bands were resolved with Mr. ranging from <1Q to 
>205kDa. The appa ren t molecular weights of the major bands 
identified were 62, 40, 35 , 3 1 , 27, 23 and 12kDa. Analysis of the 
ES products revealed a total of 15 bands at <14 to l05kDa in 
P.epiclitum. The bands of 105, 4 1 , 30, 23 , 20, 17 and 15kDa were 
found to be predominant ly present in P.epiclitum ES products . 
Separation of ES products of O.scoliocoelium resulted into 11 
polypeptide bands which ranged from <12 to >205kDa in ES 
products of this parasi te . 
The present s tudy demonstra ted clearly tha t the 41 and 
32kDa polypeptides were common components of the ES products 
of all the amphis tomes . Fur ther comparison among the worms 
depicted species specific polypeptides, the molecular weights of 
which are presented in Fig: 1 and Table 1. As can be seen from the 
Table 1, a total of 3 polypeptides appeared to be G.crumenifer 
specific while 2 for G.explanatum, F.gigantica and 1 polypeptide 
each were identified as specific for P.epiclitum, O.scoliocoelium 
respectively. In G.crumenifer 150kD 130kDa and 8kDa 



































Fig: 1 & Table: 1; Total number of polypeptide bands in the 
ES products of some trematodes and molecular weight 
of species specific polypeptides as revealed by silver 
staining. 
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Specific 15kDa and 76kDa polypeptides were recognized in 
P.epiclitum and O.scoliocoelium respectively. In G.explanatum 
82kDa and 37kDa and in F.gigantica 25kDa and l lkDa 
polypeptides were distinct. 
DID 
The results obtained in immunodiffusion studies indicate 
that whole worm extract was considerably more reactive with 
antiES sera (Fig: 2-4). 
A total of 4 precipitation arcs were obtained in both somatic 
and ES products in reaction with antiES G.explanatum sera (Fig: 
2). However, reaction with whole worm extract near the antisera 
well, reacted much more intensively revealing the presence of some 
fast migrating highly antigenic fraction which appeared to be 
relatively less secreted by the parasite. 
With rabbit antiES G.crumenifer sera small number of 
precipitin arcs were obtained by immunodiffusion (Fig: 3). The 
reactivity of somatic fraction was observed as 2 sharp lines of 
precipitation while single line of precipitation was observed with ES 
antigens (Fig: 3). 
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Ouchterlony analysis illustrating reaction between 









Whole homogenate G.explanatum 
ES products of G. explanatum 
Purified bacterial coUagenase 
Whole homogenate G.crumenifer 
ES products of G.crumenifer 
Anti ES G.explanatum sera 
Anti ES G.crumenifer sera 
Anti bacterial collagenase sera 
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In a reaction with anti collagenase sera no reactivity was 
observed in double immunodiffusion with both ES and somatic Ags 
but when purified collagenase was used as Ag, only G.crumenifer 
sera reacted positively giving single precipitin arc exhibiting either 
low concentration or masked epitopes of enzymes in the ES 
preparation (Fig: 4). 
ELISA: 
Unlike DID, the presence of collagenase was detected in the 
ES products of amphistome parasites understudy by indirect 
ELISA. All the homologous antisera screened against ES Ags gave 
positive reaction in ELISA. Sufficient Ab response was noticed with 
anti collagenase sera but, the Ab response of ES Ags was found 
considerably higher as revealed by their higher dilution at which 
antibody response could be detected. The serial dilution of Ab 
revealed high antigenicity of G.explanatum ES products in 
comparison to G.crumenifer indicating the differences in the 
antigenic potential of the ES material of these closely related 
worms. The results of the ELISA profile obtained with different 
antisera are shown in Fig: 5 85 6. Using antiES HIS ES Ags of 
G.explanatum could be detected up to a dilution of 1:12800 of 
antibodies while detection of G.crumenifer Ags was possible only up 
to a dilution of 1:6400 of the antisera. The results illustrated in 
Figs: 5 86 5 revealed reaction of anti collagenase sera only at lower 
dilutions and further increase in dilution beyond this dropped the 
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absorbance values rather sharply below the cut off point. Contrary 
to ES Ags the sensitivity and antigenicity of coUagenase Ags of 
G.crumenifer was noted markedly higher in comparison to 
G.explanatum as revealed by high ELISA absorbance values and 
greater antibody cut off titer. With anti coUagenase HIS the activity 
in G.crumenifer was detected up to 1: 3200 dilution and 1: 100 
dilution was noted in G.explanatum. 
WESTERN BLOTTING: 
In order to investigate the antigenic heterogeneity of ES 
products, ES proteins were subjected to WB. When the 
concentrated ES Ags of G.explanatum and G.crumenifer were 
examined in EITB a number of prominent antigenic bands were 
noticeable. Results of WB clearly revealed heterogeneous profile of 
ES Ags of amphistomes understudy. Based on their relative 
mobility four categories of Ags have been identified in these 
parasites: high Mr. range, high-medium Mr. range, medium-low 
Mr. range and low molecular weight range. 
The ES products of G.explanatum exhibited a total of 14 
antigenic bands which were distributed over a range of Mr. between 
7kDa to 116kDa (Fig: 7 & Table 2). There was 3 major antigenic 
polypeptide bands of 116kDa, 92kDa and 82kDa, eight additional 
antigens of 63kDa, 56kDa, 45kDa, 41kDa, 37kDa, 32kDa, 25kDa 
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Q Anti ES G.exp sera 
• Anti collagenase sera 
h 0 
1:50 1200 1:800 1:3200 1:12800 
Antisera dilutions 
1:51200 
Fig. 5: ELISA profile demonstrating reactivity of ES products 
of G.explanatum with different antisera's obtained from 
rabbits immunized with ES antigens of G.explanatum, 














a Anti ES G.cru sera 
-K— Anti collagenase sera 


















D Anti ES G.cru sera 
n Anti collagenase sera 
1:50 1:200 1:800 1:3200 1:12800 
Antisera diiut ions 
1:51200 
Fig. 6: ELISA profile demonstrating reactivity of ES products 
of G.crumenifer with different antisera's obtained from 
rabbits immunized with ES antigens of G.crumenifer, 
bacterial collagenase and normal rabbit serum. 
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12kDa and 7kDa proteins were in the low molecular weight range. 
The immunoblo t analysis of G.crumenifer proteins showed 
that in compar ison to G.explanatum few polypeptides were 
antigenic (Fig: 8 & Table 3). At least 9 bands from 7kDa to 
>116kDa were visible in the ES products of this parasi te . Strong 
immunogenicity was displayed by antigenic bands in high M,. 
range between 116kDa to 205kDa range. The Ags of low range were 
less intensed while Ags in the medium Mr. range showed least 
reactivity may be due to low immunogenicity suggesting tha t HMW 
ES Ags contain the subs tances with high antigenicity in 
G.crumenifer. Almost all the Ags above 116kDa were strongly 
immunoreactive whereas 92kDa and 82kDa Ags were also most 
prominent. Major variation with respect to Ags of G.explanatum 
was observed in the medium range. Recognition was restricted to 3 
faintly discernable bands in G.crumenifer of, 56kDa, 45kDa and 
32kDa while 17kDa, 12kDa and 7kDa bands were recognized in 
the low molecular weight range. 
When the ES Ags of all the amphis tomes and F.gigantica 
were probed with ant i collagenase HIS it recognized only the 63kDa 
Ag however two additional bands of ISOkDa and 130kDa were also 
recognized only in G.crumenifer [Fig: 9 and Table: 4). 
CROSS - REACTIVITY: 
As pointed out earlier, several different paras i tes share 
common immunological response against variety of Ags due to 
possession of common epitopes. Similarly to find out G.explanatum 
and G.crumenifer ES Ags commonly shared by different parasi tes , 
their HIS were probed with ES Ags of other paras i tes . The 
comparative immunoblot revealed extensive cross reactivity ol' 
G.explanatum and G.crumenifer ES Ags with ES Ags of parasi tes 
from concur ren t infections. This overall similarity in ES Ags may 
be due to similarity in the chemical na tu re of these Ags which 
perhaps is very likely a reflection of the actual distr ibution of same 
Ags among the various t rematodes. Also cross react ions among the 
related species may be expected to occur when the crude Ags were 
used. When ant iES HIS was reacted with ES Ags of closely related 
t rematodes such as P.epiclitum, G.crumenifer, O.scoliocoelium and 
F.gigantica a n u m b e r of cross reacting Ags with varying degree of 
similarity was observed in each species. 
With ant iES G.explanatum sera more extensive cross reactivity was 
observed with taxonomically distant, liver t rematode, F.gigantica. 
Five antigenic bands of F.gigantica 116kDa, 92kDa, 82kDa, 45kDa 
and 37kDa were recognized by anti ES G.explanatum sera (Fig: 7 
and Table: 2). However, closely related other amphis tome species 
exhibited greater degree of dissimilarities. This shows that habitat 
may be one of the factors which regulate the diversities of ES 
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proteins in these closely related parasi tes . No prominent proteins 
in high and medium molecular weight range were detected in 
rumen paras i tes and the only cross reactivity of rumen 
amphis tome ant igen with this ant isera was observed in low-
molecular weight range. The two proteins of 12kDa and 7kDa gave 
strong immunoblot staining in P.epiclitum and additional two Ags of 
17kDa and 15kDa in O.scoliocoelium. Of these Ags, 15kDa Ag was 
not identified in G.explanatum may b e l S k D a Ag is pe rhaps a 
degradative product of high Mr. Ag of rumen parasi te . 
The ant iES G.crumenifer sera (Fig: 8 and Table: 3) similarly 
i l lustrates react ions of identity with secretory Ags of other 
parasi tes . However, greater similarity was observed with rumen 
amphis tomes and degree of similarity was reduced when the 
antigenic moieties were compared with liver amphis tomes . With 
most of the rumen parasite Ags, antiES sera produced strong 
signals but it reacted weakly to liver parasi te Ags. Therefore, the 
maximum cross reactivity with rumen amphis tomes was obtained 
with ant igens in higher and lower Mr. range as evident from the 
resul ts presented in Table 3. The number of cross reacting ant igens 
was highest in O.scoliocoelium while in F.gigantica m in imum only 
two cross reacting antigens could be detected. Thus , almost all of 
the ES Ags of G.crumenifer were found cross reactive with ES 




































Fig: 7 & Table: 2. Comparative immunoblots of ES products 
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Fig: 8 Table: 3 . Immunoblot analysis of ES antigens of 






































Fig: 9 Table: 4. Western blotting of crude ES 
preparations of amphis tomes and F.gigantica 
exposed to rabbit anti bacterial coUagenase sera. 
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When the overall antigenic profile of both the worms were 
compared as seen in Table 2 two distinctive specific bands 
corresponding to 41kDa and 20kDa were identified in 
G.explanatum. Neither of these reacted with the heterologous 
antiES HIS nor did they show homology with other parasites Ags. 
Therefore, these Ags could be used in future studies to test their 
diagnostic potential in the G.explanatum infection. A specific band 
for G.crumenifer was not detected in this study; however, further 
studies are necessary using cross-absorption antisera to further 
ascertain the present results. 
IMMUNOLOCALIZATION: 
In order to immunolocalize the origin of ES antigens, HIS 
against their respective ES products was used to demonstrate their 
presence or absence in ciyocut sections of adult worms of 
G.explanatum and G.crumenifer. The distribution of signal in 
different regions show the differential localization indicating that 
the released proteins appeared to have been originated from 
various sources in both the worms. The results of the IFA test have 
been presented in Table: 5 85 6; Plate: 1 -4 . 
In G.explanatum, very strong immunofluorescence of ES 
antigens was observed in the acetabulum and vitellaria (Plate: 1). 
Moreover, in the surface syncytium the labeling was largely 
confined to the apical surface and basal cytoplasmic surface of the 
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tegument. Weak labeling was observed in oral sucker while only 
traces of activity could be detected in reproductive linings. 
In G.crumenifer very strong fluorescent staining was 
observed in the vitellaria, oesophagus and gonopore (Plate: 2). The 
surface lining of ventral pouch, tegument and intestinal ceacea 
exhibited medium activity while weaker reaction was observed in 
oral and ventral sucker. 
The coUagenase in both the amphistomes showed intense 
immuno fluorescent staining in distinctly clear zones (Plate: 3 85 4) 
The obtained difference in enzyme distribution pattern in adult 
worms as compared to ES Ags indicates the different job priorities 
of these regions and indicate that collagenase may have a parasite 
specific functions. In G.explanatum strong reaction was observed in 
vitellaria and the region surrounding the gonopore. Although, in 
control sections the protein globules of vitellaria showed weak 
apple-green autofluorescence but corresponding structures in 
experimental test sections displayed significantly strong 
fluorescent labeling (Plate: 3). Moderate amounts of activity were 
observed in acetabulum and tegument. 
54 
Plate 1: Photomicrographs of labeled G.explanatum 
preparations. Localization of ES antigens in the oral 
sucker,20X (a), acetabulum lining,lOX (b), vitellaria,10X 
(c), tegumental syncytium,! OX (d), reproductive 
linings,4X (e). 
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Plate 2: Photomicrographs of labeled G.cnimenifer 
preparations. Localization of ES antigens in the oral 
sucker,4X (a), oesophagus,!OX (b), gonopore,lOX (c), 
ventral pouch lining, 1 OX (d), vitellaria,10X (e), tegumental 
sync3^ium,4X (f), intestinal ceacea, lOX (g) and acetabular 
lining, 1 OX (h) 
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TABLES 




































+ : Low 
++ : Moderate 
+++ : Intense 
- : Negative 
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Plate 3: Photomicrographs of labeled G.explanatum 
preparations. Localization of coUagenase antigens in 
the ace tabu lum lining,4X (a), vitellaria, lOX (b), 
t egumenta l syncytium,4X(c), gonopore,10X (d). 
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Plate 4: Photomicrographs of labeled G.crumenifer 
preparations. Localization of coUagenase in the 
tegumental syncytium extending muscles,4X (a), 
reproductive openings, lOX (b), acetabulum, 1 OX (c), 
vitellaria,lOX (d), intestinal epithelium,!OX (e), ventral 
pouch,lOX (f), oral sucker,4X (g), and uterus, lOX (h). 
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TABLE-6 

































+ : Low 
++ : Moderate 
~^+ : Intense 
- : Negative 
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In G.crumenifer very high labeling of collagenase was 
recorded in the vitellaria and tegument (Plate: 4). The antigenicity 
of worm tegument appeared to remain fairly cons tan t th roughout 
while infolds of the gut caecae, ventral pouch lining, uter ine tube 
and periphery of gonopore were moderately antigenic. The oral 
sucker and ace tabu lum exhibited weak signals of activity in this 
parasi te . 
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DISCUSSION 
The species or the strain specific polypeptides not only 
represent the biochemical variation among the different parasi tes , 
they may also contr ibute to the possible existence of antigenic 
variations. Heterogeneity in the polypeptides may be of 
considerable importance for the diagnosis (Simpson, 1986). The 
protective measu re s and biochemical unity m u s t receive as much 
attention as biochemical diversity because the u n d u e importance of 
any one will give a distorted picture (loc cit). 
Results of the present s tudy clearly revealed pronounced 
similarities bu t at the same time it also reflects the differences in 
the protein profile of ES products of different parasi tes . 
Pronounced generic differences in the protein profile of 
amphis tomes and their eggs have also been reported in previous 
s tudies by Alam and Nizami, (1988); Abidi, (1990) and Saifullah, 
(1999). Asexual reproduction, enormous fecundity and niche 
segregation of he lminths may lead to the variation in the protein 
profiles of worms which ultimately reflect variation in their genetic 
constitution. Kumarti lake and Thompson, (1979) suggested that 
the genetic consti tut ion of paras i tes is reflected in their 
characterist ic protein profiles. Abidi, (1990) reported that 
amphistome group share about 28% overall similarity on the basis 
of their protein profile, however, least similarity about 12 to 14% 
was reported when the whole amphis tome group was compared 
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with the liver fluke, F.gigantica. In the present s tudy high degree of 
identity among ES products of worms seems to be originated from 
a single source, probably, tegument of the worms, because 
shedding of surface membrane fragments h a s been observed 
during the in vitro cul ture of many paras i tes (Hockley and Mc 
Laren, 1973; Kusel et al, 1975). It is likely that soluble proteins 
probably synthesized in golgi vesicles (Wilson and Barnes , 1974) 
might have been released from the membrane fragments, and 
finally tu rn u p in the ES preparat ions. 
Additionally, one point of observation which is noted in the 
worms is the apparen t difference in the ES protein profile of liver 
and rumen paras i tes especially in the high Mr. range. A part icular 
habi tat exerts its influence on the parasi te metabolism leading to 
the biochemical adapta t ions and variations. Two impor tant sources 
of excretions, tegument (Kusel et al, 1975; Wilson and Barnes , 
1977) and gut (Nash, 1974; Decider et al, 1976) have been defined 
in the t rematodes . Similarly, a gut associated high molecular 
weight proteoglycan molecule termed as circulating anodic antigen 
has been described in S.mansoni by Nash et al, (1978), Decider et 
al, /'1980) and Nash fit Decider, (1985). The gut-associated 
compounds as a source of this difference obviously cannot be 
excluded in G.crumenifer because gut associated Ags have also 
been detected in the IFA test of this rumen parasi te . The 31kDa 
polypeptide from the gut antigens h a s also been described in 
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S.mansoni by Ruppel et al, (1985) which differed from gut antigens 
of a worm predominant ly of carbohydrate na tu re and relatively 
high molecular weight. It is likely tha t tegument and gut associated 
molecules may make a subs tant ia l contribution to the similarities 
and differences in the ES products of these amphis tomes . However, 
Abidi, (1990) suggested tha t the habi ta t may not be the only factor 
which influences the polypeptide profile of these endoparas i tes , 
there m u s t be some genetic factor also which might regulate the 
similarities and differences in these closely related taxonomic 
group of the paras i tes . Further , the genetic composition of a 
population change gradually over the generat ions due to mutat ion, 
over production of off springs and na tura l selection, and only those 
genes are selected which are best adapted to the conditions of the 
macro- or micro-habitat (Ferguson, 1980). 
In paras i tes , the circulating ant igens defined as soluble 
subs tances released by the parasi tes into the host body are 
claimed to be the main antigenic stimuli of the i m m u n e response. 
Previous s tudies by Saifullah, (1999) & Saifullah et al, (2000) have 
shown that G.explanatum and G.crumenifer produce highly 
immunogenic subs t ances and these Ags were secreted into a 
simple main tenance media. The present s tudy also demonst ra tes 
numerous antigenic bands in G.explanatum. and G.crumenifer ES 
products. In us ing ant iES HIS 14 and 9 antigenic bands were 
visualized in G.explanatum and G.crumenifer respectively. The 
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overall antigenic profile is similar as previously described by 
Saiffulah, (1999) and Saifullah et al, (2000) on c rude .and partially 
purified ES ant igens of these amphis tomes except, few additional 
antigenic b a n d s mainly in the high molecular weight range were 
observed in both the worms in the present study. Variation in the 
antigenic bands , reported by Saifullah, (1999) may be due to the 
differences in the experimental procedures , possibly because of 
discrepancy in the cul ture conditions or pe rhaps due to the method 
of Ag preparat ion. The factors which modify production and release 
of ES Ags from the adul t worms are largely uns tud ied (Wilson and 
Barnes, 1974) but in vitro conditions like incubation time, 
incubation media and culture conditions can greatly influence the 
in vitro resul ts (Smyth, J .D. 1996). Although positivity of most 
individual polypeptide Ag remains constant , the increase or 
decrease may be due to differences in the time of incubat ion of 
parasi tes for the collection of ant igens by Saiffulah et al, (2000) 
who incubated the worms for 5 hour in PBS, while on the other 
hand in the present s tudy parasi tes were mainta ined in Hanks ' 
medium for only 2h. However, Lewis and Strand, (1991) reported 
the release of similar proteins by adul t S.mansoni after 2h and 20h 
of culture, as assessed by metabolic radio labeling and 2D-SDS-
PAGE but regulation and turnover rate of individual secretory 
proteins may vary due to cul ture conditions or else this may be due 
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to the dynamics of their synthesis and release which can also 
increase over time following culture (Lodes and Yoshino, 1989). 
The characterizat ion of parasi te specific Ags is a necessar\-
start ing point for establishing suitable systems with potential in 
diagnosis and at the same time some clues as to possible 
immunological bases for protection and pathology may be soughted 
out altogether. In G.explanatum, most of the released proteins were 
immunogenic as had been reported for S.mansoni (Lewis and 
Strand, 1991). The high molecular weight proteins appeared to 
contribute substant ia l ly to the total antigenicity in G.crumenifer. 
The analysis of blots revealed that out of 14 ant igens 2 were unique 
to G.explanatum and these were absent from all other worms. The 
molecular weight of these Ags was estimated to be 41kDa and 
20kDa while specific bands were not detected in G.crumenifer. The 
ES products released by parasi tes are likely to play an active 
functional role in parasi te survival in the hostile environment of the 
host and may also give rise to immuno pathological lesions. A wide 
variety of enzymes h a s been detected in the ES products of the 
amphis tome paras i tes and h a s been suggested to play significant 
roles in parasi te survival (Dzik, 2006). Immunoblot t ing of ES 
products of G.explanatum us ing anti ES HIS showed 43kDa Ag 
could be neut ra l cysteine proteinase bu t further s tudies to clarify 
such a s sumpt ions is warranted by isolating and characterizing the 
na ture of these molecules. Similarly, ca thepsin L cysteine 
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proteinase is used as a marker Ag in a s tandard assay for 
diagnosing F.hepatica infection (Cordova et al, 1999). 
In the present s tudy specificity of crude ES Ags of 
G.explanatum was found to be 95-100% when compared with 
partially purified ES fractions Saifullah, (1999) and Saifullah et al, 
(2000). y\lthough, in ELISA crude ES Ags gave low sensitivity as 
judged by low absorbance values b u t they were detected well u p to 
1:12800 dilution. Therefore, it is reasonable to sacrifice some 
sensitivity for specificity and it is suggested tha t for G.explanatum 
crude as well as partially purified ES Ags could be employed in 
diagnostic trials. Since HIS, has been used in the present study 
therefore, before at t r ibut ing any immunological significance to 
these Ags they m u s t be tested with the natural ly infected buffalo 
sera in order to find out their ID potential in the field. Moreover, 
these initial findings will form the framework regarding the 
complex na tu r e of Ags of these parasi tes and their involvement in 
ID. Also ant i sera raised against these specific Ags may be more 
useful in detecting circulating Ags released from the parasi tes and 
then immunoprecipi ta t ion can provide an accura te and convenient 
means of diagnosis of active parasit ic infections. 
It is well known tha t animal develop some, and often a 
marked degree of acquired resistance to reinfection with helminths. 
The parasi te Ags invoke the host protective immune responses 
which result either in the expulsion of the parasi tes or the 
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development of concomitant immunity. The secreted Ags on the 
whole, are highly effective immunogens and induce protection 
against reinfection with t rematodes, nematodes and cestodes 
(Lloyd, 1981). The great majority of ES Ags of the paras i tes are ill 
defined. However, few functional protective Ags produced in vitro by 
parasi tes have been isolated and partially characterized. These 
include 97kDa paramyosin (Cancela et al, 2004), 28kDa GST 
(Hong et al, 2001b), 28kDa triose phosphate isomerase (dos Reis et 
al, 1993), 62kDa fragment of myosin (Soisson et al, 1992), 37kDa 
glycerol phospha te dehydrogenase (Argiro, et al, 2000) and 21 kDa 
myoglobin (Sim et al, 2003). Among the major potential vaccine 
candidates of Fasciola, FABP, leucine amino peptidase and saposin 
like protein have been defined (Hillyer, 2005; Espino & Hillyer, 
2004) and cysteine (cathepsin) protease 86 haemoglobin (Dalton et 
al, 1996, 2003) h a s also been reported to provide protection to 
challenge infection while the current s t a tus of vaccines for 
schistosomes h a s been comprehensively reviewed by McManus & 
Loukas, (2008). In the present s tudy 63kDa collagenase Ag is being 
identified in the ES products of all the amphis tomes and 
F.gigantica. In G.crumenifer the antibody reacted with two 
additional components of 150 and 130kDa likewise as the 
antibodies from donors of filarial infection detected 107, 89 and 
71kDa [B.malayi ES) and 195, 135, 120 and 98kDa (O.volvulus) 
and 107, 97 and 84kDa (onchocerchiasis and brugian filariasis) 
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components of Clostridium histolyticum preparat ion in WB 
(Peterlanda et al, 1986). In a recent s tudy the collagenase 
enzymes released by the invasive microfilariae of S.cervi in vitro 
have been shown to be host protective in vaccination studies. 
Presumably, the presence of ES collagenase Ags likes tha t of S.cervi 
mf. and those detected in the amphis tomes could also be host 
protective. High antibody titer detected for collagenase Ags may be 
helpful in detecting the subpa ten t infections of amphis tomes as 
their presence have also been detected in the larval stages, 
however, further s tudies are required by using sera from natura l 
host. 
Moreover, 116kDa, 92kDa, 17kDa and 7kDa Ags of 
amphis tomes and F.gigantica can also have implications in cross 
protection s tudies . The cross reactivity among helminths was 
found with the u s e of Ags of phylogenetically related parasi te 
species. The vast array of Ags possessed by the t rematodes may be 
partly responsible for the existence of common Ags among these 
amphis tomes and other parasi tes and this may have implications 
in immunoprotect ion s tudies . While it cannot be a s sumed that 
immunological cross reactivity is proof of biochemical homogeneity 
between different species or genera, un less further s tudies being 
carried out bu t such cross-reactivity do raise the intriguing 
possibility of evolutionary conservation and such molecules across 
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phylogenetic lines would be of considerable interest in its own 
right. 
The associations between the location of Ags or enzymes and 
functions in parasites have been described by many. Antigens not 
only in their physicochemical properties but their production sites 
within the worms are most often responsible for the antibody 
response of the host (Choi et al, 1981; Lee et al, 1988; Chu et ai, 
1990). In the present study both collagenase and ES Ags showed 
their predominant common distribution in vitellaria and tegument. 
Many of the secreted and membrane bound proteins from helminth 
parasites are involved in the host-parasite interplay and constitute 
potential targets for diagnosis, anti parasite drugs and vaccines. 
The distribution of ES Ags in the tegument has been reported 
earlier (Hanna 1980). In both the worms antibody reacted at both 
apical and basal layer. The distribution of immunofluorescence 
suggests that the immunoreactive components are synthesized by 
the tegumental cells in amphistomes and ES Ags are transported 
from the tegumental cell to the tegumental surface. Since the ES 
Ags were released during the worm infection, strong antigenicity in 
these worms can be, said to have been originated from the 
tegument, a phenomenon similarly known to occur in other 
helminths. 
The presence of vitelline cells in the eggs of parasites 
suggests that they form the source of nutrition for the developing 
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larvae. Enzymes in vitelline cells may be associated with the 
formation and/or secretion of secretory granules that contribute in 
the process of egg formation. Proteolytic activity has been reported 
in the vitelline glands of F.hepatica and Haplometra cylindracea by 
Halton, (1963) and several possibilities of their functions have been 
proposed in F.hepatica like transformation of inactive phenol 
oxidase enzyme to its active state. The presence of collagenase in 
the vitellaria may be associated with the hydrolysis of proteins for 
recycling, as organs which are highly metabolically active such as 
gonads and vitellaria rely on surrounding tissues such as 
parenchyma for a pool of nutrients. In IFA the collagenase was also 
detected in parenchyma of this parasite, although the intensity of 
label was much less. May be parenchyma is used mainly to store 
nutrients for subsequent mobilization and vitellaria are a site of 
strong metabolic activity therefore, strong enzyme presence in 
these regions is not surprising. 
In the present study matrix metalloproteinases (MMPs) are 
identified both in the ES products (see chapter 2) and parasites by 
immunohistochemical and biochemical methods and their presence 
in important parasite organs and ES products is strong indication 
that they may be critical for the survival and thus can be good 
vaccine candidates or diagnostic markers for disease. The 
localization of collagenase particularly at the metabolically active 
sites like vitellaria and tegument can be of special interest in 
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amphis tomes . The MMPs are an important family of zinc-
dependent enzymes with a broad range of subs t ra te specificities 
capable of breaking down a range of extracellular matrix proteins 
(Hulboy et al, 1997). While m the MMPs Type IV collagenase is one 
of the most impor tant member of MMP family, including 72kDa 
enzyme, resembling MMP2 also named gelatinase A and 92kDa 
enzyme resembling MMP9 also known as gelatinase B. Both 
enzymes were found to be secreted in the form of inactive zymogens 
as judged by their apparent Mr. by the amphis tomes tha t can be 
activated extracellularly by organomercurial compound APMA. 
Probing with specific anti collagenase sera in WB confirmed the 
presence of 63kDa active form of MMP2 in all the worms. The 
MMPs are either secreted from cells or expressed as p lasma 
membrane bound forms. It is likely tha t in amphis tomes they may 
also be a t tached to cell membrane and similarly secreted or 
released a s a resul t of membrane sloughing. 
Although biochemical and immunological properties of 
parasi tes collagenases have been studied in detail, their 
localization and possible physiological role inside the parasi te body 
have not been examined. Reports on t issue localization of related 
proteinases have been carried out in various parasi tes but reports 
of t issue localization of collagenase in t rematodes and other 
helminths are scanty. The expression of collagenase in adul t worm 
stages in amphis tomes indicates tha t these enzymes might have 
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other functions in parasi tes. A s tudy on t issue localization also 
revealed important observation of the coUagenase in u t e rus and 
reproductive openings of G.crumenifer and G.explanatum. The 
activity of collagenase in uterine walls and gonopore of worms can 
be of u tmos t value, in regulating t issue homeostas is or may be 
responsible for the intra-uterine t issue remodeling, normal t issue 
growth, morphogenesis and repair during the egg productive phase 
as in G.crumenifer gonads regression and recrudescence is a key 
event of the life tha t is likely to take place th roughout the year 
(Hanna et al, 1988). In amphis tomes collagenase immunosta in ing 
differ in its distribution pat tern in different layers of body wall 
where in G.explanatum antibody reacted with apical and basal 
layer in G.crumeni/er intense staining was observed th roughout the 
tegument. In G.crumenifer its presence in muscle layers also 
further suggests its role in t issue remodeling. Since the present 
s tudy has been carried out when the paras i tes were sexually 
mature , it may well be further interesting to observe the 
localization of collagenase in the non-reproductive phase of this 
parasi te . Moreover, sex specific gene products notably those 
involved in reproduction are attractive targets for anthelmintic 
intervention strategies and u te rus derived proteins will be worthy 
for further investigation. 
Collagenase activity in areas with intense metabolic activity 
like, microvilli of the caecum and ventral pouch lining may be likely 
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to be involved in autophagy of t issues as reported for gastrodermal 
proteinases in schistosomes (Bogitsh, 1973) or may be involved in 
the intracellular digestion, similar to the role of other lysosomal 
enzymes. The expression of proteinases in gastrodermis in 
G.crumenifer clearly suppor ts the view tha t they may be intimately 
involved in the digestion of protein food of paras i tes . Moreover, 
recent reports have shown that the gut of blood feeding paras i tes 
can be a source of potential protective ant igens (Smith & Munn, 
1990; J a s m e r 86 McGuire, 1991). Thus common presence of ES 
antigens and collagenase in the tegument of the parasi te indicates 
their major role in host parasite relationship while their very strong 
immunosta in ing in vitellaria suggests that these may have 
collaborative role in nutri t ion and embryogenesis. 
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INTRODUCTION 
Helminth parasites are important cause of productivity loss 
worldwide in livestock and a major cause of morbidity. Until now the 
most widely used way of prevention and treatment of disease in 
livestock and companion animals is only reliance on chemotherapy 
(Hotez et al, 2008). Drugs from many different chemical groups are 
currently being used to control the parasitic infections in livestocks 
and almost 90-100% therapeutic cure rate has been reported for 
many of these available drugs which are active against both the 
mature and immature parasites (Van Den Bossche 1976, 1980). The 
pharmacological activities of many of these available drugs are based 
on their affinity for specific receptors located inside the target parasite 
or they disrupt the neuro muscular coordination or interfere with the 
pathwa5^s of energy generation (Van Den Bossche, 1980). But in recent 
years, the potential development of resistance to various anthelmintic 
classes in unicellular protozoa to multi cellular metazoans has been 
reported and now it becomes virtually a global phenomenon (Brindley, 
1994; Barnes et al, 1995). The loss of efficacy of drugs through 
development and spread of resistance has encouraged many for the 
search of alternative drug leads and new drug targets for the novel 
approach of parasite control. To be an effective lead compound it is 
necessary to target novel vital pathways or enzymes of the parasites 
that are crucial for both growth and survival (Bundy et al, 1992; de 
Munk, 2003). 
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In earlier s tudies histological evidence, for the presence of 
proteinases in the parasi tes have been provided in the organs 
associated with digestion and the possible involvement of these 
enzymes in Hb digestion has been suggested. A most striking fact 
concerning paras i te metabolism in all the parasitic stages of 
helminths is their developed and persistence capacity to digest Hb for 
the purpose of nutr i t ion. Thorson, (1953) on the basis of his results , 
inhibition of proteolytic activity by immune se rum and not by normal 
se rum indicated tha t worms not only possess considerable proteolytic 
activity bu t they also release them outside the body where in the host, 
they not only act as antigens but fulfill other histolytic functions too 
besides digestive functions i.e. extracorporeal digestion for the 
purpose of obtaining food. Based on the above findings Thorson, 
hypothesize that , antibodies produced by the host against these 
enzymes, present in excretion and secretions of the worms, would 
react against the enzymes of the invading larvae and slow down their 
migration and adversely affect their nutri t ion, t h u s interfere with their 
normal development. Many other similar s tudies gave the additional 
notion to this hypothesis and similarly suggested that inactivation of 
such activity by antibodies (Knox 85 Kennedy, 1988; Britton et al, 
1992; Knox et al, 1993) of the host or by any other means like drug or 
proteinase inhibitors will be detrimental for the parasite to survive in 
the host. Although immunoglobulin (Ig) cleaving proteinases and 
release of Fc fragments as a result of this process has been shown in 
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many paras i tes as a mechanism of survival in a hostile environment of 
host ( immune evasion) bu t still few of these proteinases find their way 
in the micro environment, into the host circulatory system giving the 
host adequa te opportunity to respond immunologically as also evident 
by their diagnostic and vaccine potential (Tort et al, 1999). 
Attempting to obtain the good inhibitors of such target activity 
a detailed knowledge of target enzymes is emphasized. Till date most 
of the existing drugs are being identified by random screening of the 
existing molecules with no definition of the mode of action. There has 
been a general perception that expanding the knowledge at the 
molecular level about the parasi te survival in the host would readily 
lead to a targeted approach to drug design. Therefore, in a search for 
such specific inhibitors of proteinases, extensive and systematic 
s tudies have been carried out on the proteinases of helminth parasi tes 
as characterizat ion of such functionally impor tant molecules may 
provide targets both for selective chemotherapy and for vaccination 
(Coombs & Mottram, 1997; Tort et al, 1999, Todorova, 2000). 
The best opportunity for specifically targeting parasi te enzymes 
both for drug and vaccination, is its location from the host 
counterpart , where the most accessible fit s i tuation will be, if it is 
exported or surface exposed, involved in a process tha t is unique and 
at the same time vital for the life. Various biochemical and 
immunological properties of the parasite enzymes have been studied 
in detail in whole worms as well as their secretions produced during in 
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vitro culture and also in various body fractions. Proteinases from all 
the 4 major classes have been characterized in the worms and their 
secretions on the basis of the substrate specificity and inhibitor 
sensitivity. In recent years, the advent of most modern sophisticated 
techniques and chemicals had not only provided the tool to improve 
the understanding of parasite proteinases and their biological roles in 
parasites but in addition, in multiple system have shown that 
inhibition of the proteinase activity have potent antiparasitic effect. 
It is now well established that proteolytic enzymes secreted 
from the several life cycle stages of the parasites, are involved in a 
variety of functions essential for life including, adult worm nutrition 
acquisition, hemorrhage, histolytic functions, invasion, tissue 
penetration, movement of eggs through host tissue, anti clotting 
functions, host immune evasion, embryogenesis, molting, general 
protein processing and catabolic functions. They have also been 
shown to be highly immunogenic and thus exploited as serodiagnostic 
markers and vaccine candidates (Knox. 2000; Knox & Smith, 2001). 
The importance of some helminth gut and ES proteinases and their 
high specificity makes them an attractive candidate for drug targeting 
(Coombs & Mottram, 1997; Tort et al, 1999; Knox 2000). 
Among the different classes of proteinases cysteine proteinases 
have been best characterized in adult trematodes while serine and 
metallo proteinases have been less investigated, although their 
presence have been preferentially shown in the larval stages of some 
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t rematodes bu t more so in nematodes. Among the metallo proteinases, 
matrix metallo proteinases, MMPs expression h a s not yet been shown 
in any t rematodes , however, their presence have been demonstra ted 
in the advanced third stage larvae of Gnathostoma spinigerum as 
suggested by its amino acid sequence (Wada et a/., 1998). MMPs also 
designated as matrixins are a family of related metallopeptidases 
(MIOB) tha t function in the turnover of extracellular matr ix (ECM), 
Under physiological conditions these enzymes play central role in 
morphogenesis , t issue remodeling and resorption. In excess they 
participate in the destruction of ECM associated with many connective 
t issue disorders (Malemud, 2006). To date more than 20 members of 
matrixins family have been identified in h u m a n s including rhe 
categories collagenases, gelatinases, stromelysins and others . Since 
these enzymes are essential both in the normal and diseased states, it 
was presumed tha t these may also be peculiar in a similar manne r in 
t rematodes parasi tes as well and extrapolating from their similarity to 
known MMPs, the MMPs of trematode might have a similar function in 
the life of a parasi te like, degrading extracellular matrix 
macromolecules of host t issues or t issue remodeling during 
morphogenesis. Therefore, in the present s tudy identification and 
characterization of amphis tomes MMPs h a s been carried out in the ES 
products of the worms and these findings are discussed in relation to 
the biology of the parasi tes . 
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In the face of widespread resis tance to most of the available 
anthelmintic drugs and also drugs, for which resis tance h a s not yet 
been reported situation, has been alarmed due to frequent dosmg 
following several years of heavy anthelmintic t rea tment . Discovery- of 
new antiparasi t ic drugs can circumvent this problem but prospects of 
this approach suffers, may be due to increased difficulties of 
discovery, in a time of mechanism based screening therefore, 
promising prospects lies for already existing drugs by better 
evaluation and unders tanding the modes of action. Several 
halogenated salicylanilides possess potent ant iparasi te activity of 
which only closantel, niclosamide, oxyclozanide, rafoxanide and 
resorantel were commercially available and closantel and rafoxanide, 
were reported to be the most important drugs of this group, 
extensively used for the control of Fasciola spp. infestations in sheep 
and goats in many par ts of the world (Swan, 1999). But resistance to 
this and its class of drugs has been reported in animals all over the 
world. Therefore, in the present s tudy the mechan ism of action of, 
most commonly used, flukicide rafoxanide, h a s been re-examined for 
its effect on the release of proteinases by the amphis tomes in a hope 
that any such effect may prove to be detr imental for a parasite to 
survive and would make the ground for the already existing drugs for 
a more rational utilization and would be further helpful in terms of 
biological profile. Also as mentioned above, in the light of a proposed 
significance of MMPs in the parasite released products , their 
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inhibition or impaired release by worms, in some or similar way will be 
useful, m e a n s of chemotherapy for parasi te control, so metallo 
proteinase inhibitor, 1,10-phenanthroline is also observed, as a 
promising new lead compound, for the effect on the release of 
proteinases by amphis tomes . 
In the last few decades electron microscopy has been widely 
used to s tudy the ac tual site of drug mediated action in parasi tes and 
in most of these s tudies tegument is dealt with in a number of 
investigations, being considered as a prime site for most of the drug 
action (Chappal, 1988). The tegument of the parasi tes is very 
important s t ruc ture , which is present at the host parasi te interface 
where all the impor tant biochemical, physiological and immunological 
events take place. The multifarious function of the parasi te surface is 
of fundamental significance to the survival and any dysfunction at the 
surface by m e a n s of any compound would prove to be highly 
successful therapeut ic agent for the parasi te control. In the light of 
promising role of worms surface in the parasi te biology, the action of 
both rafoxanide and 1,10-phenanthroline on the tegument of the 
worms were also investigated. The precise mode of action and 
efficiency of 1,10-phenanthroline on parasi te surface may contribute 
to search novel anthelmint ics , t h u s drug compromised amphis tome 
surface may well represent an ideal target for vaccine attack. 
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REVIEW OF LITERATURE 
The biochemical approach for the identification of proteinases in 
the t rematodes was reported four decades ago when Timms 86 
Bueding, (1959) demonstra ted the existence of proteolytic enz^^mes 
with a marked affinity for Hb in S.mansoni. Since then sizeable 
literature h a s been accumulated on the parasite proteinases and their 
presence have been found in all the blood-parasitic, blood-suckmg 
and t issue dwelling helminths . 
The importance of ingested host erythrocytes in the 
nutri t ion by adul t S.mansoni was initially suggested by the 
observations of Rogers, (1940) who found black pigment, presumably 
hematin, in the intestine of these worms. Fur ther suppor t for this 
observation was obtained by many workers including Cheever & 
Weller, (1958); Zussman et al, (1970) and Lawrence, (1973) whose 
studies formed the basis for the characterization of biochemical 
properties of these proteinases which is indeed investigated by many 
workers of early's 1970 (Grant 86 Senft, 1971; Zus sman 86 Bauman, 
1971 and Sauer 86 Senft, 1972). These reports present the evidence for 
thiol proteinase like activity responsible for Hb degradation in adult 
S.mansoni resembling cathepsin B. Later Dresden 86 Decider, (1979) 
reported the first evidence for the hemoglobinase from adult 
S.mansoni [first described by Timms 86 Bueding, (1959) and later by 
Senft and his collaborators]. Their, described activity, was inhibited by 
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NEM, activated by DTT and was insensitive to pepstat in, EDTA and 
DFP and therefore, they report that proteinase belongs to thiol class of 
enz],'me which includes cathepsin B. But similar acid proteinase of 
F.hepatica is inhibited by pepstat in and was thought to belong to the 
carboxyl prote inases (Rupova 86 Keilova, 1979). Becker et al, (1995), 
assayed aspar t ic proteinase activity in soluble extracts and ES of 
S.mansoni and S.japonicum and showed tha t enzyme digest Hb with a 
similar pH optima and it was also inhibited by pepstat in. Ghoneim 8& 
Klinkert, (1995) reported aspart ic proteinase (cathepsin D) activity in 
extracts of S.mansoni tha t was more efficient than Schistosoma 
cysteine proteinases including cathepsin B (Sm31) in degrading Hb 
and suggested tha t it might be the Schistosomes Hb degrading 
proteinase first described by Timms 85 Bueding, (1959). Also is now 
well evident, tha t catabolism of Hb in Schistosomes require not only 
the involvement of variety of cysteine proteinases including, cathepsin 
B (Sm31) (Klinkert et al, 1989), ca thepsin LI, cathepsin L2, cathepsin 
C, legumain (Sm32) (Lindquist et al, 1986; Chappel & Dresden, 1986; 
Davis et al, 1987) but more than j u s t the action of cysteme 
proteinases i.e. the action of other aspart ic proteinases and 
exopeptidases as well, which, by their combined action, progressively 
degrade Hb to diffusible peptides. 
Until late 1970's all the s tudies focusing on characterization 
and purification of acid proteinases, have only relied on whole worm 
homogenates as the starting material while the digestive proteinases 
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may probably be contained in luminal contents and released outside 
during feeding as suggested by Decider et al, (1977); Simpkin et al, 
(1980) and Chappel 86 Dresden, (1986). These au thor s reported the 
presence of acid proteinase hydrolyzing Hb in the vomitus of adult 
S.mansoni and in the caecal exudates of F.hepatica respectively and 
speculated their physiological significance in immunogenicity m 
S.mansoni and protecting worm environment in F.hepatica. Gut 
contents are regularly regurgitated at frequent intervals by the 
parasi tes and along with them enzymes were also voided to the 
exterior (Geroc, 1975). Similarly, protease activity h a s been found in 
the ES produc ts of S.mansoni by McKerrow et al, (1983, 1985) and 
Lindquist et al, (1986). Chapman Ss Mitchell, (1982) reported the 
cleavage of immunoglobulins by means of proteolytic enzymes 
released by F.hepatica. Dalton & Heffernan, (1989) classified thiol 
proteinases in in vitro released products of F.hepatica. From these 
initial works, it is well established that in addition to digestive 
functions carried out in gut lumen by these enzymes, they are 
involved in many other vital functions of the life. In the early 
histochemical s tudies proteinase activity associated with either gut, 
caecum or gastrodermis of the worms were a s sumed only to be 
important in the digestion of food bu t in later s tudies multiple 
functions have been ascribed like, immunogenicity, role in 
development and fecundity, t issue penetration, immune evasion, 
immune defense, pathology and immune suppress ion (Tort et al, 
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1999). Besides Hb degrading cysteine proteinases calcium activated 
cysteine prote inases , calpain, have also been shown in S.mansom 
where they are involved mainly in the biogenesis of the schistosome 
surface membrane (Siddiqi et al, 1993). Calpains have also been 
shown to be potential target of protective immuni ty in schis tosomes 
(Jankovic et al, 1996) 
Among the proteinases cysteine proteinases of parasitic worms 
have gained considerable at tention due to their key role as metabolic 
elements, and a s target for chemotherapy (reviewed by McKerrow & 
Doenhoff, 1988). Literature survey of the work done in the last several 
years clearly reveal tha t there is a surprisingly large number of reports 
dealing with cysteine proteinases in adul t t rematodes and there is 
paucity of information on proteinases of serine and metallo class and 
they have not been studied comprehensively in the adul t worms. 
It is generally accepted tha t wherever cellular differentiation, 
multiplication are involved which is a characterist ic of adult 
t rematodes, proteins play a vital role. As the adul t t rematodes are only 
meant for egg production, protein synthesis in cellular differentiation 
of gonads will require huge amoun t of amino acids. Thus proteolysis 
of Hb will not only be important in the worm development but also in 
the production of yolk protein in developing eggs. Therefore, much of 
the studies on adul t t rematodes emphasized on, hemoglobinase, for 
the purpose of building amino acid stores, while based on the above 
mentioned similar reasons serine and metallo proteinases have been 
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characterized in the larval trematodes, cestodes and nematodes, 
parasitic forms, that have something to deal in tissue penetration. The 
chronic and debilitating conditions associated with most of the 
parasitic infections in humans and animals are frequently caused by 
migrating infective larvae. The neutral alkaline pH optimum of the 
serine and metallo proteinases make them very likely to go with host 
tissue physiology therefore, in number of studies there presence has 
been associated with migration and tissue penetration. 
Among the serine proteinases 28/30kDa cercarial elastase is 
perhaps the best characterized proteinase of trematodes. Cercarial 
elastase has been shown to be implicated in skin penetration, 
immunomodulation and immune evasion. Marikovsky et ah, (1988) 
suggested that cercarial elastase facilitates the removal of the 
glycocal30i from transforming cercariae upon penetration to host skin 
and thereby facilitates the acquisition of resistance to complement 
(Fishelson, 1989). Number of other serine proteinase have been 
characterized from the cercariae described as gelatinase like or serine 
like but dissimilar to trypsin or chymotrypsin (Landsperger et al. 
,1982; McKerrow etal, 1985; Chavez-Olortegui et al, 1992; Darani et 
al, 1997). But unlike S.mansom cercarial elastase, Amiri et al, (1988) 
reported a similar elastase in S.douthitti cercariae which is metallo 
proteinase in nature (50kDa) and differs from S.mansoni enzyme both 
biochemically and structurally. 
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Membrane bound 28kDa serine proteinase expressed on the 
surface of schistosomules, lung stage and adult worms has recently 
been reported by Ghendler et al, (1996). It was antigenically related 
and appears to be a variant form of cercarial elastase and is poor 
immunogen because it can cleave Ig and/or interact with serpins. 
However, it has been suggested that serine proteinase of adult 
S.mansoni (SmSPl) may be a cognate proteinase of the endogenous 
serpin (Smpi 56) of S.mansoni or other species. Serine endopeptidase 
identified in schistosomules seems to account for a cleavage of host Ig 
molecules on the parasite surface membrane (Auriault et al, 1981), 
suggesting that besides nutritional functions, intrinsic schistosome 
proteinase may play a regulative role on some host parasite 
interactions. The presence of serine proteinases, including secreted 
enzymes, has now been established in many studies of S.mansoni 
(McKerrow etal, 1985; Newport et al, 1998). 
The other serine proteinase resembling plasma kallikrein is 
identified in adult S.mansoni whose deduced amino acid sequence was 
dissimilar to the reported for cercarial elastase (Cocude et al, 1997). 
Similarly serine proteinases have been found associated with cercarial 
caecum of Diplostomum pseudospathaceum (Moczon, 1994). Likewise 
20kDa and 24kDa trypsin like serine proteinases have been identified 
in the ES products of Haplometra cylindracea (Hawthorne et al, 
1994). 
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The mechan i sms by which larvae penetrate and migrate within 
host t i ssues remain largely unknown. Many years ago, Chandler 
postulated tha t parasi te might release proteinases for this purpose 
and since then such enzymes have been described in various 
helminths and protozoa that invade host t issues . Wertheim et al, 
(1983) reported the evidence for collagenase activity in extracts of 
adul t S.ratti and suggested tha t it may be functional in the adul t 
female at the time of migration in the intestinal mucosa durmg 
oviposition. Hotez & Cerami, (1983) reported the release of proteinase 
essential for adaptat ion in A.caninum adul ts which was later identified 
as metalloproteinase by Hotez et al, (1985) involved in inhibiting 
blood clotting. 
In many s tudies collagen degrading metallo proteinase activity 
was found consis tent with the t issue penetrat ing activity of the 
worms. However, several s tudies have reported, metalloproteinase 
leucine amino pept idases (LAP) activity in the exsheathing fluids 
collected from the in vitro ecdysis phenomenon involved in regulating 
exshea thment (Rogers, 1982; Xu & Dresden, 1986; Gamble et al, 
1989; Hong et al, 1993). Leucine amino peptidase activity has been 
reported in the homogenates (Coles, 1970) and in the Saponin-CaCla 
extracts (Cesari et al, 1981) of adult schistosomes and demonst ra ted 
histochemically in the tegument of adult male and female S.rodhaini 
(Fripp, 1967) revealing sites of peptidolysis within this region. The 
aminopeptidase alone or in combination with cathepsin L in sheep 
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induce high levels (80%) of protection (Piacenza et al, 1999) against 
Fasciola infections. Aminopeptidases in nematodes can also may have 
a role in neuropept ide metabolism as family of neuropeptides, 
FMRFamides, is shown to be involved in nematode neuromuscu la r 
regulation (Davis & Stretton, 1995; Shaw, 1996). 
Hill et al, (1993) identified neutral zinc metalloproteinase with 
pi of 8.0 and pH opt imum of 7.0 in the cul ture fluids of T.sids. 
Infective S.stercoralis larvae secrete a zinc endopept idase which was 
preferentially inhibited by 1,10-phenanthroline and facilitates 
penetrat ion of skin and dermis during infection (McKerrow et al, 
1990; Brindley et al, 1995). Third stage larvae of canine hookworm, 
A.caninum also produce metallo proteinases tha t have been implicated 
in t issue invasion, based on their ability to degrade connective t issue 
macromolecules. During the process of molting H.contortus, larvae 
also secrete a metallo proteinase of 46kDa (Gamble et al, 1996). 
Collagenolytic activity was reported from stages of B.malayi and 
O.volvulus (Peterlanda et al, 1986) and in a related s tudy possible role 
of O. volvulus in the degradation of extracellular matrix proteins and in 
the pathogenesis of onchocercarial dermati t is was reported by 
Peterlanda 8s Piessens (1994). In vitro activated A.caninum L3 was 
shown to release a zinc-dependent proteinase tha t migrated with an 
apparent molecular weight of 50kDa (Hawdon et al, 1995). Lun et al, 
(2003), demonst ra ted 48kDa and 58kDa metalloproteinase in the ES 
products of L3 larvae of T.spiralis and showed the sequence of metallo 
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proteinase gene tha t resembles those of Caenorhabdites elegans and 
S.stercoralis. 
Among MMPs only two nematode MMPs have so far been 
identified in he lminths . One of them is C.elegans MMP, with 579 
amino acids (Wada et al, 1998). This MMP is most similar to (39.6%) 
the Gnathostoma spinigerum (Gs24) protein, by pairwise comparison 
(Uparanukraw et aL, 2001). Moreover, developmentally regulated 
metalloproteinase secreted by host s t imulated A.caninum L3 infective 
larvae belongs to astacin family of metallo proteinases (Zhan et al, 
2002). 
Due to the central na ture and importance of proteinase 
molecules in infection, developing recombinant vaccines tha t interfere 
with their functions offer a potentially successful strategy for the 
prevention of disease caused by the parasi tes . Particularly attractive 
target c lass of molecules are secreted proteinases , which have been 
proposed to function in skin penetrat ion and t issue migration, 
molting, and as ant icoagulants like, leucine aminopept idase (LAP), 
serine and metallo proteinases (Gamble et al, 1989; McKerrow, 1989; 
McKerrow et al, 1990; Hotez et al, 1990; Richer et al, 1992; Hong et 
al, 1993; Rhoads et al, 1997; Haffner et al, 1998). The epidermis, 
connective t issue, and basement membranes represent major barriers 
to parasi te invasion and migration. Therefore, mechanism of 
connective t issue degradation might be critical for parasi te survival 
(Rhoads & Fetterer, 1997). The 44kDa metallo proteinase which 
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regulates a key event in the life cycle of r u m i n a n t trichostrong}'lus, 
transit ion from free-living to parasitic life, was thought as a potential 
target for parasi te control (Gamble et ai, 1989). 
Looking back to the history of proteinases in parasi tes , it 
became quite apparen t that much of the s tudies on proteinases find 
their way in the search for novel targets of paras i tes tha t could be 
exploited chemotherapeutically. Since anthelmint ic therapy is the only 
way to treat parasit ic infections, until now, they are of huge 
importance. But the wide spread use of drugs to control helminths 
have resulted into the emergence of res is tant s t ra ins , a l though it is 
not clear whether the use of drug leads to the selection of resis tant 
s t ra ins or resistance is induced by the drugs , therefore, many 
chemical industr ies , expanded during the recent half of the last 
century, only in discovering a series of chemicals possessing 
antiparasit ic activity. But publications on the biological or 
pharmacological activity of these compounds often assess the efficacy 
carried out under in vivo conditions without knowing the precise mode 
of action. 
With the advent of successful in vitro cul ture of helminth 
parasi tes , at tention h a s been directed towards the target based 
economical screening of a large number of compounds validating the 
target activity, followed by in vitro trials, a rational approach to 
chemotherapy. Based on the above mentioned approach, discovery 
and optimization of antiparasit ic compounds h a s profited immensely 
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by the information based method, depending on the information, 
available on the target. Proteinases of paras i tes have also attracted 
considerable at tent ion over the last few decades for chemotherapeut ic 
intervention due to their vital role in paras i te biology. In a number of 
in vitro s tudies their inhibition h a s resulted into the impairment or 
ult imate death of the parasite as evident in reviev/s available on this 
aspect (Coombs & IVIottram, 1997; McKerrow, 1999). Among the 
proteinases, cysteine proteinases have been searched most in this 
relation. Although, specific functions of a n u m b e r of cysteme 
proteinase remains uncer ta in in paras i tes but demonstra t ion of 
antiparasit ic effect of multiple inhibitors of these enzymes suggests 
that they are impor tant and may well be an ideal target for new drugs 
to treat. Wasilewski et al, (1996) ascribed a central role for Sm31 in 
the development and fecundity of schis tosomes and reported that 
peptidyl fluoromethyl ketone and peptidyl (acyloxy) methyl ketone, 
known inhibitors of cysteine proteinases , in a mouse model, reduce 
both worm burden and egg production in S.mansoni. In F.hepatica 
vaccination with purified cathepsin LI and ca thepsin L2 in 
combination with Hb induced marked ant i -embryonat ion/fecundi ty 
effects (Dalton et al, 1996). Fluoromethylketone (FMK) inhibitors of 
cysteine proteinase affect the viability of O. volvulus L4, bu t did reduce 
the number of L3 tha t molted to L4 (Lustigman et al, 1996). 
Moreover, metallo proteinase inhibitor, 1,10-phenanthroline in vitro 
inhibited A.caninum feeding completely (Hawdon et al, 1995). The 
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gp63 metalloproteinase of surface has been suggested to protect the 
membrane of L.mexicana from cytolytic damages dur ing their survival, 
differentiation and multiplication in the phagolysosomes of 
macrophages (Chaudhuri et at, 1989). 
Although, many proteinase inhibitors have shown, the promise 
in vitro, and are also being successfully applied in a t rea tment like 
metallo proteinase inhibitor in AIDS, bu t unfor tunate aspect of the 
proteinase inhibitor is tha t resis tance develops rapidly bu t targeting 
the enzymes which are vital for life is a very promising approach, 
making a way to new chemotherapy. An alternative approach, to the 
problems, was suggested tha t existing drugs should be better 
evaluated for the t rea tment of parasi tes , res is tant to same drugs , by 
defining their exact mode of action. 
Different parameters have been used by various investigators for 
the a s se s smen t of the efficacy of different drugs b u t till recently 
mechanism of action of anthelmint ics were described purely on the 
basis of gross effect of drugs on parasi tes in te rms of removal either 
dead or paralyzed. In recent years electron microscopy h a s been used 
as a powerful tool to s tudy the actual site of action of drugs in 
parasi tes. The parasi te tegument forms the surface where all the 
important key events of host-parasi te interaction occur. EM studies m 
many of the worms indicated tha t drugs in vitro cause tegumental 
alterations such as damage to tegumental papillae, peeling or 
smoothening of surfaces, swelling, blebbing etc. (Pax et al, 1978; 
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Probert et al, 1982; D u n n et al, 1987; Ahmad et al, 1987; Chappall, 
1988; Skuce & Fairweather, 1990; Stitt & Fairweather, 1993, 1994; 
Meaney et al, 2003 , 2004, 2005; B a u c h a n a n et al, 2003 ; Keiser & 
Morson, 2008). 
Besides topographical damage, anthelmint ics are also screened 
for their mode of action on enzymes of various metabolic events 
especially of energy generating pathways. Energy metabolism of 
endoparas i tes is a fascinating and most extensively studied area of 
parasite biochemistry. Its vital function and divergence from that of 
higher organisms makes the energy metabolism of parasi tes an 
interesting target for ant iparasi te drug design. Drugs belonging to 
salicylanilide groups are potent uncouplers of oxidative 
phosphorylation and their effect in worms is correlated with their 
effect on inhibition of glucose up take , depletion of glycogen reserves 
and decrease in the generation of energy-rich phospha te bonds, 
decrease in end products of metabolic pathways like malate, NADH 
(Cornish 86 Bryant, 1976; Pritchard, 1978). Fur thermore , rafoxanide 
causes a t rophy/par t i a l atrophy of the generative t i ssues (Stammers, 
1975 a 85 b) in F.hepatica. However, Rhoads and Fetterer, (1995) 
reported tha t rafoxanide in H.contortus substantial ly reduced matrix 
degradation in vitro and all these drug mediated effects on parasi tes 
together with effect on parasi te metabolism and parasi te surface has 
been linked to their potent anthelmintic efficacy. 
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From the foregoing review of literature it is clear that no 
generalization is possible regarding the proteinase functions in 
parasites since each class of an enzymes could be involved in 
multifarious functions hence, in the present study an attempt has 
been made to investigate some of the proteolytic activity in the ES 
products of amphistomes and the presence of MMPs has also been 
investigated in the in vitro released products of these parasites. In 
chapter (1) of the present study, it has been shown that coUagenase 
activity was predominantly located at the tegument, vitellaria and 
reproductive organs of the amphistomes parasites. Due to the vitelline 
and spermatogenesis disrupting activities of the anthelmintic drug 
rafoxanide, its effect and the effect of metalloproteinase inhibitor, 
1,10-phenanthroline has also been investigated on the proteinase 
release by amphistomes. 
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MATERIALS AND METHODS 
COLLECTION OF PARASITES 
For the collection of ES products only live and active worms 
were selected for incubation. Immediately after the slaughter 
amphis tome infected t i ssues were brought to the laboratory' and 
processed for the isolation of parasi tes . The isolated amphis tome 
worms G.explanatum and G.cnimenifer, were thoroughly washed in 
Hanks ' saline before us ing them for various s tudies . 
COLLECTION OF ES PRODUCTS 
For the collection of ES products the isolated worms were 
incubated in phospha te buffered saline (PBS) for 4h in a metabolic 
shaker ba th premainta ined at 37°C ± 2^0. Following incubation 
worms were removed, and the medium containing ES products was 
centrifuged at 2500 rpm for 20min at 4°C to settle down any debris or 
the released eggs. The ES products were then dialyzed against double 
distilled water (DDW) for 24h at 4°C. The dialyzed products were 
concentrated by lyophilization (Freeze Dryer DC 4 1 , Yamato Scientific 
Co. Japan) and stored aliquoted after determining the protein 
concentration by the method of Spector, (1978) using BSA as 
s tandard. 
SUBSTRATE SPECIFICITY 
For the subs t ra te specificity study, ten worms each of 
G.explanatum or G.crumenifer were incubated in Hanks ' medium with 
either azocoll, N-Benzoyl Arginine Ethyl Ester (BAEE), Hemoglobin 
(Hb) or gelatin subs t ra tes . The assay was started by introducing the 
worms in an open cul ture vials for 4h at 37 - 20C with cont inuous 
shaking in a metabolic shaker water bath. 
Azocoll (denatured form of collagen I linked to azo dye), was 
added to the H a n k s ' medium at a final concentrat ion of 0 .5% and 
BAEE was prepared at O.SmM concentrat ion in the Hanks ' medium. 
Enzymatic hydrolysis of subs t ra tes by the in vitro released enzymes of 
the worms was measured spectrophotometrically following the method 
of Matthews, (1982). The enzyme release against these subs t ra tes was 
studied by taking out 1.0ml of media at the regular time intervals from 
the vials and checked for absorbance after brief (2min) centrifugation 
at 800g. The absorbance of azocoll and BAEE was checked at 520nm 
and 253nm wavelength respectively. Following measuremen t the 
samples were re turned to their respective vials for further incubation. 
Appropriate subs t ra te and enzyme controls were s imultaneously run 
for the activity correction. 
Protease activity against Hb and gelatin (0.1%) was measured by 
the ninhydrin assay as described by Yemm and Cocking, (1955). The 
release of a-amino nitrogen content from the proteinase subs t ra tes 
was assayed in the incubation media at the periodic interval of Ih, 
over a total of 4h. The removed 1.0ml medium was centrifuged (SOOg) 
and treated with 5% TCA to precipitate the undigested substrate . The 
precipitated subs t ra te was removed by centrifugation at slow speed 
(lOOOrpm) and supe rna t an t was mixed with O.IM of citrate buffer (pH 
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5.0) followed by the addition of 2.0ml of ninhydrin reagent. Mixture 
was then swirled and heated for 15min at 100°C. The medium was 
cooled at room tempera ture (RT) and diluted further with 60% of ethyl 
alcohol. The developed blue color was read against the blank at 
570nm £ind activity was corrected by subt rac t ing values of controls for 
enzyme and subs t ra te . The activity was expressed as percentage of 
enzyme release taking the 4h activity as 100% and plotted as a 
function of time. 
ZYMOGRAPHY USING GELATIN SUBSTRATE 
The identification of proteolytic enzymes was performed usmg 
gelatin subs t ra te gel zymography us ing media collected after 4h of 
incubation of the amphis tomes . 
ES samples were analyzed on 10% gel supplemented with 0 . 1 % 
gelatin as described by Heussen and Dowdle, (1980). The procedure is 
based on the method of Laemmli's (1970) except samples were loaded 
under nondena tur ing conditions into gels i.e not boiled nor reduced 
by adding p-mercaptoethanol in sample buffer. Electrophoresis was 
performed on a Mini Dual, Vertical Slab Gel Electrophoretic system of 
Genei (Bangalore, India) at a cons tant cur ren t of 12mA/gel until the 
tracking dye reaches the bottom of the gel. After completion of run , 
gels were washed in 2 .5% of Triton X-100 solution and incubated 
overnight in incubat ion buffer, Tris-HCl (50mM) containing CaCb 
(5mM), pH 8.1 at 37° + 2^0. Gels were stained with Coomassie Brilliant 
Blue R-250 dye (0.25%) prepared in methanol (45%), acetic acid (10%) 
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and water and destained with low destaining solution (methanol 5%, 
acetic acid 5%) unti l clear a reas of gelatinolytic degradation appeared 
as t r anspa ren t bands on the blue background. The apparent 
molecular weight of the proteinases was determined by 
simultaneously runn ing the high range molecular m a s s markers 
obtained from Genei (Bangalore, India). The molecular weights of the 
unknown bands were determined from the s t andard graph using 
respective relative mobility values. 
EFFECT OF PROTEINASE INHIBITORS 
In order to see the effect of various inhibitors on the ES 
proteinases, the enzymes were pre incubated with inhibitors at 37±2°C 
for 60minutes . To assay the result ing proteinase activity, samples 
were loaded on the gels and gels were processed in a similar way as 
mentioned above. The following inhibitors and activator were tested on 
the enzymes; 
Ethylene Diamine Tetra Acetic Acid (EDTA) lOmM 
1,10-phenanthroline 5mM 
Phenyl Methyl Sulphonyl Fluoride (PMSF) 5mM 
lodoacetamide 5mM 
para-Amino Phenyl Mercuric Acetate (APMA) l m M / 2 m M 
The appropriate controls were s imultaneously run for each 




The effect of pH on proteinase activity of ES products against 
azocoll was tested over the range of pH 4.0-9.0 buffers, using O.lmM 
citrate buffers (pH 4.0-6.0), sodium phospha te buffers (pH 7.0-8.0) 
and glycine-NaOH buffers (pH9.0-10.0). Proteolytic activity of ES 
products was measured spectrophotometrically using chromogenic 
subs t ra te azocoll (0.4%). Eppendroff vials, each containing azocoll, 
supplemented with different buffers, were incubated for 4h at 37±2°C 
with enzyme sample. At the end of incubat ion, undigested protein was 
removed by centrifugation and absorbance of the supe rna tan t was 
measured at 520nm as a measure of enzyme activity. 
DRUG AND INHIBITOR SCREENING 
For the in vitro effect of rafoxanide and 1,10-phenanthroline ten 
intact live amphis tome worms were incubated with rafoxanide and 
1,10-phenanthroline at 5|aM/1.35mM and 2 5 ^ M / l m M concentration 
respectively. Activity was measured against azocoll (Matthews, 1982) 
and controls without drug/ inhib i tor or in the presence of solvent 
alone, were assayed for each. Rafoxanide and 1,10- phenanthrol ine 
were solubilized in EtOH and added into Hanks ' buffer to get the final 
solvent concentrat ion of 0 .1%. 
SCANNING ELECTRON MICROSCOPY (SEM) 
For SEM studies flukes were washed thoroughly in Hanks ' 
saline and starved for an hour in H a n k s ' without glucose. Thereafter, 
incubated for 4h in cul ture vials containing 5mM glucose along with 
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desired a m o u n t of drug and or inhibitor. Controls without 
drug/ inhibi tor and solvent (0.1%) were incubated simultaneously for 
the comparison. Following incubation in drug/ inhib i tor medium, 
worms were r insed three t imes with Hanks ' buffer devoid of glucose 
and subjected to SEM studies. 
Following incubation worms were fixed in 4% buffered 
gluteraldehyde for 8h followed by 3 changes of buffer wash for 15min 
each. Subsequent ly post fixation was done in 1% aqueous osmium 
tetraoxide for 2h and dehydrated in ascending grades of acetone. Two 
changes of 100% acetone for 20min each were given before the 
material was taken for critical drying in a Polaron E-3000 critical 
point drier us ing liquid CO2 as the transit ional fluid. The dried worms 
were mounted on a luminium s tubs using durafix and coated or 
sputtered with gold with AGAR sput ter coating unit . The 
photomicrographs were taken with LEO 435 VP scanning electron 
microscope operat ing at 15KV (The EM facility at AIIMS, New Delhi 
was used for the present work). 
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RESULTS 
Results of the present s tudy clearly revealed that proteolytic 
activity was released when living intact worms were incubated directly 
with general proteinase subs t ra tes , azocoU, Hb, gelatin and BAEE. The 
significance of this preliminary s tudy lies in the fact tha t it enables the 
immediate detection of proteinases soon after the incubation was 
started. In the present study, in vitro release of proteinases was 
examined over time, against each subs t ra te and it is well evident from 
the resul ts tha t both the amphis tomes release proteinases u p to 4h of 
incubation, however quantitatively the liver amphis tome released 
greater a m o u n t of enzyme in comparison to r ume n amphis tomes as 
judged by marked increase in absorbance of compound due to 
solubilization of proteinase subs t ra tes or release of dye from azocoll, 
following enzymatic hydrolysis, the activities of which with respect to 
each subs t ra te are presented in Fig: 1-4. 
SUBSTRATE SPECIFICITY 
The release of an enzyme follows a pa t tern in each parasite 
unders tudy. In G.explanatum there was a rapid early phase of release 
of enzymes (2h) follow^ed by slower release phase while G.crumenifer 
tended to release enzymes in almost a linear fashion but in both the 
worms cont inuous increase in release with time (over 4h) of 

























Fig: 1 Percentage release of azocoUytic activity as a funct-
ion of time. 
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Fig:2 Percentage of proteinase activity released as a fun-
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Fig:3: Intraspecific contribution of gelatino- and 
hemoglobinolytic activity in G.explanatum. Percentage 
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Fig:4 Intraspecific contribution of gelatine- and 
hemoglobinolytic activity in G.crumenifer. 
Percentage release as a function of time. 
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Although, the pat tern against any Hb, gelatin and azocoll 
subs t ra te remained somewhat cons tant over the 4h of experiment, 
pronounced difference was noticed in the level of activity against each 
subs t ra te . G.explanatum preferentially cleave BAEE subs t ra te and 
from which it appeared that majority of proteinases of these worms 
possess trypsin like activity while azocoll is preferentially cleaved by 
G.crumenifer. Further , the differences in the level and pat tern of the 
proteinase activity against each subs t ra te in amphis tomes indicate 
that different proteinases may be responsible for each type of activity 
(Fig: 186 2). 
Proteinases have been reported both from the blood and t issue 
dwelling helminths , where they are mainly involved in hydrolysis of Hb 
and degradation of extracellular t issue components . Similarly, the 
intra specific contribution of amphis tome enzymes, to each of this 
type of activity, was monitored by us ing bovine Hb and porcine gelatin 
in an in vitro specificity experiment. It is evident from the resul ts that 
both gelatin and Hb are substantial ly hydrolyzed by the parasi tes 
during in vitro incubation. In G.explanatum, Hb was most sensitive to 
hydrolysis a l though gelatin was hydrolyzed to a considerable degree 
too whilst G.crumenifer showed a lmost equal specificity to both gelatin 
and Hb (Fig: 3 86 4). 
Thus , the hydrolysis of low and high molecular weight natural 
and synthetic proteinase subs t ra tes with individual variation in the 
level of activity dur ing in vitro incubat ion by these worms suggests 
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that in amphistomes a variety of proteinases with varied activity 
towards different substrates are released. 
ZYMOGRAPHY (SECRETION PATTERN) 
In order to further identify and partially determine the secretory 
pattern of the proteinases gelatin substrate gel zymography was 
performed. The progress of release of individual proteinase in gelatin 
substrate gels revealed a distinct pattern of the enzyme release by 
G.explanatum and G.crumenifer in a time dependent manner as 
evident from band intensity (Fig; 5 86 6). Analysis of zymographic gels 
revealed a total of 5 bands in G.explanatum (Fig: 5) and 6 bands in 
G.crumenifer{Fig: 6). Apparently the bands of Mr. 92kDa and 82kDa 
were more prominent in G.explanatum while in G.crumeniferihe bands 
of Mr. 120 and 32kDa were consistently observed. 
When the concentrated ES samples were used it resulted in to 
the generation of clear zones of gelatinolytic activity after an overnight 
incubation of gels at pH 8.1. We have found in the present study the 
enzyme activity was very sensitive to storage conditions and resulted 
in either auto activation or some loss therefore, care was taken to 
always process the fresh samples and avoiding the use of stored 
material. The activity profile indicates that many neutral proteinases 
of both high and low Mr. are released by the worms, ranging from 
24kDa - >205kDa (Fig: 7 & 8). 
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3h 
Fig: 5 Analysis of proteinase activity in ES products of G.explanatum by gelatin 
substrate gel zymography. Extracts of ES products obtained from worms 
maintained at 37+ 2^C for 1, 2, 3, and 4h of incubation. Arrows indicate bands 
of proteinase activity. 
2h 
Fig: 6 Analysis of proteinase activity in ES products of G.cnimenifer by gelatin 
substrate gel zymography. Extracts of ES products obtained from worms 
maintained at 37+ 2°C for I, 2, 3, and 4h of incubation. Arrows indicate bands 
of proteinase activity. 
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The ES proteinases of G.explanatum were separated out in to a 
total of seven distinct bands while at least eleven bands were visible in 
G.crumenifer ES products. It is clearly evident from the results that 
there is much more variation between the two amphistomes 
understudy. Analysis showed at least 4 characteristic bands in the 
range of 135kDa- ISOkDa and an additional band of 28kDa in 
G.crumenifer 'while other bands were common. The molecular mass of 
the major proteinases as revealed by prominent zones of gelatin 
hydrolysis in both the worms were >205kDa, 92kDa, 72kDa, 43kDa, 
37kDa, 32kDa and 135kDa-l 16kDa thus representing the major 
proteinases of the ES products of these amphistomes while 28kDa 
band of G.crumenifer and 24kDa band of both G.crumenifer and 
G.explanatum appeared as faintly visible bands. 
PROTEINASE CHARACTERIZATION 
In order to check the metallo proteinases, released in the ES 
products, the ES samples of the worms were treated with 
inhibitors/activators specific for various classes of proteinases. The 
inhibitors and or activator were added to the samples, before 
application to the gels which were incubated overnight at 37 - 2°C in 
Tris-HCl, CaCb buffer (pH 8.1) for the optimal disclosure of activity. 
The proteolytic activity pattern following treatment with inhibitors or 
activators is shown in Fig 9-10. 
The results reveal that different classes of proteases are released 
by the amphistomes since the inhibitors used in this study inhibited 
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the enzyme partially even at higher concentrat ion. Sensitivity to 
EDTA, 1,10-phenanthrol ine, iodoacetamide, PMSF suggests that 
metallo-, serine and cysteine proteinases are released by the liver and 
rumen amphi s tomes (Fig ; 9 8s 10). 
In G.explanatum iodoacetamide was found to be an effective 
inhibitor of 116kDa, 37kDa, and 24kDa while band of 72kDa only 
was most sensitive to metallo proteinase inhibitors EDTA and 1,10-
phenanthrol ine (Fig: 9). 
In G.crumenifer the proteinases of Mr. >205kDa, 135kDa, 
107kDa, 86kDa, 43kDa, 37kDa and 32kDa appeared to be serine 
proteinases because PMSF resulted in either complete or partial 
inhibition of these prote inases (Fig: 10). 
MATRIX METALLO PROTEINASES (MMPs) 
The resu l t s of the present s tudy clearly revealed tha t metallo 
proteinases are secreted in a latent form by the amphis tomes . The 
identification of MMPs in the ES sample was judged using APMA, 
which can process the latent MMP to an active MMP and therefore 
gelatin subs t ra te gel zymography was used to evaluate the activation 
s t a tus (Fig: 9 86 10). 
The APMA t rea tment resulted into an increase in the active as 
well as pro form of MMPs. On the basis of the comparison of the 
resul ts of control and t rea tment it was inferred tha t ES products of 
G.explanatum express at least gelatinase 2 in its pro form. The APMA 
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Fig: 7 Proteinase activities of G.explanatum concentrated ES products. 
Arrows: Positions of molecular weight markers. 
Fig: 8 Proteinase activities of G.crumenifer concentrated ES products. 
Arrows: Positions of molecular weight markers. 
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Fig: 9 Gelatin SDS-PAGE of the concentrated E/S products of 
G.explanatum, incubation with proteinase inhibitors and activator, (a) 
EDTA [5mM], (b) 1,10-phenanthroline [5mM], (c) PMSF [5mM] (d) 
iodoacetamide [5mM] (e) APMA [ImM], (f] APMA (2mM]. arrowhead: 









a b c d e f g 
Fig: 10 Gelatin SDS-PAGE of the concentrated E/S products of 
G.crumenifer, incubation with proteinase inhibitors and activator, (a) 
Control, (b) EDTA [5mM], (c) 1,10-phenanthroline [5mM], (d) 
iodoacetamide [5mM] (e) PMSF [5mM] (f) APMA [ImM], (g) APMA 
[2niM]. arrowhead: active forms of MMP enzyme. 
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stimulation of the pro form resulted in a subs tant ia l increase in the 
active MMP-2 expression in G.explanatum. Three bands of 
intermediate size between 72kDa-62kDa were observed in ES samples 
of G.explanatum after APMA treatment which upon doublmg the APMA 
concentrat ion resul ts into the generation of two active bands of 50kDa 
and 45kDa only, indicating the autolysis (Fig: 9 e & f). Autolysis 
routinely generates the central 45kDa gelatinolytically active fragment 
of the MMP-2. The metallo proteinase na tu re of these two bands was 
further confirmed by their sensitivity to EDTA and 1,10-
phenanthrol ine . 
The activation following incubation with APMA in G.crumenifer 
revealed tha t r umen amphis tome exhibit relatively high levels of MMPs 
i.e. both MMP-9 and MMP-2. Only very weak activity of naturally 
secreted gelatinolytic latent proteinases activity was evident in the ES 
of these worms tha t were revealed only when APMA was added to the 
samples. APMA dramatically increased the enzyme/proenzyme form of 
MMP-9 and active autolytic form of MMP-2 in these worms. APMA 
substantial ly s t imulated the increase of the pro MMP-9 activity and 
additionally caused the conversion to the 82kDa fully active form 
while only t races of 45kDa an autolytic form of MMP-2 was expressed 
in the zymogram (Fig: 10 f & g). Due to autoproteolysis and to 
corroborate these speculat ions further we monitored this activity in 
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the presence of 1,10-phenanthroline and it was observed that enz \me 
activity was completely inhibited by 1,10-phenanthroline. 
pH OPTIMA 
ES products of both the amphis tomes express the proteinase 
activity differentially due to different pH optima unders tudy as 
measured us ing azocoU (Fig: 11 85 12). 
The experimental results indicate that ES products of both the 
amphis tomes were more active in buffers ranging from pH 6.0-9.0 
exhibiting, dominance of neutral-alkaline proteinase activity, however, 
proteolytic activity in this range was found to be quantitatively low in 
G.explanatuin a s compared to activity recorded for G.crumenifer. 
In assays , G.explanatum exhibited 2 activity peaks , a relatively 
sharp activity peak at pH 7.0 while at pH 5.0 slightly lower, more 
diffused profile was obtained, further suggesting that the in vitro 
released produc ts of these worms contained at least 2 classes of 
proteinases: may be cysteine and serine or metallo proteinases while 
G.crumeni/er exhibited a single strong peak of activity at pH 8.0. 
IN VITRO SCREEN OF RAFOXANIDE AND 1,10-PHENANTHROLINE 
ON THE RELEASE OF PROTEINASES 
The presence of MMPs as well as other proteinases in the ES 
products and in the amphis tomes may be critically important in the 
parasite biology and selective inhibition of any of these activities or 
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Fig: 12 pH optima of excretory/secretory proteinases 
of G.crumenifer. 
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their hampered release may be detrimental for a parasi te to survive in 
the host t h u s resulting into an ult imate chemotherapeut ic effect. 
Preliminary screening of rafoxanide and 1,10-phenanthroline for their 
ability to inhibit proteinases activity in worms revealed tha t both these 
compounds are effective at least in, in vitro trials, at the micro molar 
concentrat ion and inhibited the proteinase release in the in vitro 
study, as revealed by the quantitative estimation. The effect produced 
in the presence and absence of drug a n d / o r inhibitor is shown in Fig: 
13-16. 
RAFOXANIDE 
Rafoxanide brought down the release of proteinases u p to a 
significant level (P<0.05) in worms during in vitro trials and induced 
effect in a dose dependent manner . The effect of rafoxanide to 
proteinase activity is shown in Fig: 13 & 14. Although, an overall 
inhibition of the enzyme release by both the worms was observed m 
the presence of rafoxanide however, G.explanatum was more sensitive 
to enzyme release than G.crumenifer in presence of rafoxanide. 
Inhibition was directly proportional to the drug concentrat ion and it 
was time and dose dependent effect. 
In the presence of 1.35mM concentration of drug, activity 
appeared in the medium only after Ih of incubation of G.explanatum 
and then gradually increased and peaked to 17% at 4h (P<0.05) [Fig: 
13). After four hour of drug exposure in G.crumenifer, the mean values 
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of released enzymes showed 3 3 % activity where again sign of activity 
appeared only after Ih of exposure i.e. 100% inhibition in release is 
manifested in as small as Ih of incubation in both the worms (Fig: 
14). The gradual increase in the activity with durat ion of time at 
higher doses may be due to the release of enzymes, from the dying or 
disintegrating worms or bound enz>'mes would have been released 
from the m e m b r a n o u s fractions as a result of drug induced damage. 
However, a t lower dose level, release in both the worms, was 
max imum at I h which gradually declined and reached to min imum by 
4h. The 5|.iM dose of rafoxanide produced almost 4 1 % of reduction of 
proteinase activity in G.crumenifer and 9 1 % in G.explanatum. This 
difference in the level of inhibition between worms may be perhaps 
due to the differential diffusion or up take of the drug b^ ^ paras i tes . 
1,10-PHENANTHROLINE 
Metallo proteinase inhibitor 1,10-phenanthroline similarly 
exhibited significant anthelmintic activity (P<0.05) due to its measured 
inhibitory effect on the release of proteinases. Inhibition of release was 
observed at concentra t ions , 25|.iM and l.OmM in G.crumenifer and at 
25|aM in G.explanatum. The resul ts of the effect of different 
concentrat ion of 1,10-phenanthroline on the enzyme release are 
shown in Fig: 15 & 16. 
In G.crumenifer, 1,10-phenanthroline at both concentrat ions 
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Fig: 13 G.explanatum: Influence of rafoxanide on the 
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Fig: 14 G.crumenifer. Influence of rafoxanide on the 
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Fig: 15 G.explanatum: Effect of 1,10-phenanthroline on 
the release of azocollytic activity as a function of 
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Fig: 16 G.crumenifer Effect of 1,10-phenanthroline on 
the release of azocollytic activity as a function of 
time and concentration. 
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induced 100% inhibition while at 25|aM, an initial insignificant 
increase was observed bu t values subsequent ly changed by 4h in 
comparison to control and a total of 77% reduction in release was 
observed a t four hour of incubation (Fig: 16). 
In G.explanatum efficiency of this inhibitor was noticed only at 
the lower concentrat ion (25|iM), which brings down the activity to 69% 
in 4h of incubation. Regarding the control no inhibition of the release 
was observed at all at ImM concentration instead increase in the 
levels of released enzyme was indicated (Fig: 15). 
SCANNING ELECTRON MICROSCOPY (SEM) 
Investigation of the worms by SEM showed tha t both rafoxanide 
and 1,10-phenanthroline caused alterations in the tegument of the 
worms bu t the degree and type of damage vary in each case. From the 
resul ts it is quite clear that there was a pronounced severe damage in 
G.explanatum while only par ts of the tegument was affected in 
G.crumenifer (Plate: 1-6). 
The SEM resul ts revealed tha t normal G.explanatum worms at 
the oral opening bear many concentrically arranged closed packed 
papillae while gonopore, which is si tuated antero-mid-ventrally, does 
not bear any papillae but is sur rounded by many horizontal 
tegumental annula t ions and ridges. Ventral surface of the body at 
higher magnification showed many annu la r elevations while dorsal 
surface exhibited lamellate appearance. Numerous dome shaped 
papillae's were recognizable along the entire dorsal surface (Plate: 1). 
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The SEM of the G.crumenifer surface revealed some 
characteris t ic topographical features of different regions a s evident 
from the photomicrographs (Plate: 2). In G.crumenifer the general body 
surface increases many folds due to the presence of n u m e r o u s 
circumferential folds giving rise to many ridges and furrows. 
Throughout the body the tegument is carpeted with many papillae 
which vary in shape according to their location. Many dome shaped 
papillae were seen densely arranged a round the oral opening, while 
uniform distr ibution of spindle shaped papillae embedded in the 
tegument of the mid dorsal area of the worms was quite evident. The 
tegument of ventral sucker is provided with many sparsely distr ibuted 
rose shaped papillae's. Further, the tegument of ace tabu lum showed 
major variation in the topography of the tegument where convolutions 
are particularly extensive while similar s t ruc ture in G.explanatum is 
smooth in appearance suggesting tha t the ace tabu lum in this worm 
could be active in absorpt ion/secret ion besides acting a s an 
a t t achment organ (Plate: 2). 
Rafoxanide and 1,10-phenanthroline used at 5)-iM and 25^M 
concentrat ions respectively, produced differential effects on the 
tegumental surface of amphis tomes. The morphological al terations 
caused by these compounds was easily dist inguished from each other 
on the basis of the type of damage, however, the degree of damage 
produced was more pronounced in G.explanatum a s compared to 
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G.crumenifer. The results of the experiments with rafoxanide and 
1,10-phenanthroline are presented in Plates 3 - 6. 
EFFECT OF RAFOXANIDE 
The specimens of G.explanatum after treatment with rafoxanide 
appeared contracted and wrinkled in appearance and the dorsal 
surface of the liver amphistome get most affected by the drug. The 
surface showed considerable damage exhibiting many deep lesions 
and widespread disruption in the surface papillae's was visible over 
the entire dorsal surface. The peeling effect in the tegumental surface 
was also very quite evident (Plate 3). 
In G. crumenifemo general gross surface changes were apparent 
even after 4h of treatment with rafoxanide and worms resembled to 
that of untreated controls but at higher magnification, only parts of 
the tegument showed some mild effects. Minor alteration in the form 
of superficial lesions, disruptions like stretchining of surface, 
occasional tegumental peeling (Plate 4) were quite evident in the 
worms. 
EFFECT OF 1,10-PHENANTHROLINE 
After exposure to 1,10-phenanthroline severe alterations in the 
tegument of G.explanatum was identified by SEM (Plate 5). The sign of 
damage was apparent even at the lower magnification where inhibitor 
caused extensive damage to the body surface leading to contraction 
similar to that produced by rafoxanide. At higher magnification 
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PLATE 1 
Scanning electrom micrographs (SEM) of the adult untreated worms of 
G.explanatum after 4h of incubation in Hanks' saline. Note the smooth 
intact surface (A), prominent circular ridges near gonopore(Go, B), rim 
of the oral sucker (Os) bearing many papillaes (B), mid dorsal region 
exhibiting unpitted papillaes, UpP (C) and ventral surface (Vs) with 
scatters of papillaes (D). 
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PLATE 2 
Surface scanning electron micrographs of unt rea ted adult 
G.crumenifer worms. 
Note the difference in the general appearance of surface (A) which 
varies so as region varies. 
Surface of the oral sucker bearing dome shaped papillaes (B), Region 
below the Os at higher magnification, exhibiting thread like s t ruc tures 
(C), the surface in the mid region showing finely and densely placed 
papillaes (D), surface at the j u n c t u r e of ace tabu lum showing extensive 
surface folding (E) and surface near opening of 
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PLATE 3 
Scanning electron micrographs of rafoxanide (25(aM) treated adult 
worms of G.explanatum showing irregularities in the body surface (A), 
note the lesions in the dorsal tegumental surface (B); same at high 
magnification (C 86 D), sloughing (E) and perforation in the inner zones 
of papillae (F). 
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PLATE 4 
The surface of G.crumenifer adult worms exposed to rafoxanide in 
vitro. 
Exhibiting little signs of tegumental damage, however, there are few 
lesions (B & C) and splitting at some places (C &, D). The pronounced 
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Adult worms of G.explanatum after exposure to 1,10-phenanthroline 
Approximately all the surface is deformed (A), considerable tegumental 
disruption (B) same at high magnification (C) furrowing of the 
tegument, disruption of papillaes (D). Ventral surface displaying 




Scanning electron micrograph of G.crumenifer adult worms exposed to 
1,10-phenanthroline in vitro. 
Note the coagulation of surface in the mid dorsal area (A), dorsal 
surface folds with damaged tegument (B), perforation throughout the 
surface (C) stretches and groovesO (D). 
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various lesions were observed in the dorsal surface which on further, 
higher magnification revealed the flower like appearance indicating 
abrasion of papillae's. Papillae's of the oral sucker (Os) also appeared 
to be heavily damaged due to ruptur ing bu t widespread disruption 
occurred at anterior-mid body while few superficial lesions were also 
evident over the body surface. 
1,10-phenanthroline in G.crumenifer did not produce any 
apparen t damage as evident at low magnification bu t some degree of 
damage was noticed at higher magnification which was some what 
different from that induced by rafoxanide (Plate 6). Shrinkage or 
coagulation of the surface in the mid dorsal area bearing flattened 
spindle shaped papillae was most striking feature observed in the 
tegument. At some places tegument was sloughed off. Very fine 
perforation in the surface was also evident and the wrinkled areas of 
the tegument showed signs of some stretchining. 
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DISCUSSION 
The secretion of proteolytic enzv'mes by parasites is a 
crucial event as they mediate important host interactions necessary 
for survival including invasion, destruction of host tissues, 
penetration of host vascular systems, migration to sites specific for 
growth/development and to acquire essential nutrients. Likewise, 
amphistomes also release variety of proteinases and MMPs into the 
medium which may similarly be critical for the important host 
parasite interactions and their selective inactivation by rafoxanide and 
1,10-phenanthroline in amphistomes might prevent their access to 
nutrients or interfere with the host tissue degradative activity leading 
to ultimate chemotherapeutic effect. 
Many parasites release proteinases which are essential for the 
adaptation, to a parasitic environment. These molecules can be shed 
from the parasite surface or actively secreted from specialized organs 
and can have a variety of functions. Matthews, (1982, 1984) reported 
the substrate specificities of proteinase enzymes of Anisakis simplex 
larvae by incubating the live worms with different substrates. This 
type of approach enables the rapid definition of parasite enzymes of 
potential importance at the host/parasite interface. In the initial 
experiments with amphistomes they were similarly incubated with 
different substrates to check the substrate specificities of parasite 
enzymes and vast difference in the specificities was observed as 
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measured by different ways i.e. direct absorbance and ninhydrin 
assay. 
Connective t issues and basement m e m b r a n e represents major 
barrier to paras i te invasion, dissemination, and access to nut r ients . 
Among many connective t issue proteins collagen and elastin are 
highly specialized cross-linked helical proteins tha t are highly 
resis tant to proteolysis that 's why the activity against these subs t ra tes 
is often termed as true collagenase and elastase like while Hb, gelatm, 
BAEE and azocoU represent general categories of subs t r a t e s which 
can be acted upon by many enzymes. In the present s tudy due to non 
availability of collagen and elastin subs t ra tes , specificity of 
amphis tome enzymes has been checked against general proteinase 
subs t ra tes azocoll, BAEE, gelatin and Hb and clear differences was 
observed in the subs t ra te specificities of enzymes in two amphis tomes . 
The use of these subs t ra tes and their differential susceptibility 
permitted, to differentiate the activity of G.explanatum and 
G.crumenifer into trypsin-like, hemoglobinase type and also 
azocoUytic, reflecting molecular heterogeneity and the quantitat ive 
differences in the level of activity in amphis tomes might be a reflection 
of metabolic or parasitic adaptat ion in accordance to their 
microenvironments as migratory activity, exposure to potentially 
different host environments a n d / o r host location may be important 
factors influencing gene expression (Chirgwin et ah, 2008). In the 
present s tudy rumen amphis tome may also bear some of the 
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characterist ics due to the seasonal reproductive cycle (Hanna et al, 
1988) and therefore, it is possible that some of the enzj-'mes produced 
by the amphis tomes may be involved in t issue remodeling besides 
their involvement in extra corporeal digestion and immune evasion. In 
various s tudies , membranes proteinases on the parasi te surfaces have 
been found to be involved in digestion of hos t components and 
endogenous proteolytic enzymes associated with the tegumental 
surface serve a s a defense against host immunoglobul ins (Auriault et 
al, 1981; Capron et al, 1980, 1982) which may also be t rue for the 
amphis tomes unders tudy. The cleavage of synthetic heptapeptide 
dansyl-A-Y-L-K-K-W-V-NHo subst ra te by the metallo proteinase, gp63 
at the surface of fixed promastigote of Leishmania (Bouveir et al, 
1993) similarly indicate the surface active proteinase. 
Fur ther the differences in the level of activity exhibited against 
native na tu ra l Hb and gelatin subs t ra tes where max imum activity was 
observed against Hb in G.explanatum and G.crumenifer preferentially 
cleaved gelatin suggests that the amphis tome species unde r s tudy 
might show differences in their extra corporeal digestion as they 
inhabit different micro habitat . Many blood and t issue inhabiting 
parasi tes feed exclusively on blood and are known to have the ability 
to degrade Hb extracellularly (Halton, 1967). The activity against 
na tura l subs t ra te , Hb, would support the hypothesis tha t it plays a 
role in worm nutrition (Ghoneim & Klinkert, 1995) and implies that it 
could be utilized as a major nutr ient in both liver and rumen parasi tes 
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and the enzymes will aid in the extra corporeal nutri t ional functions. 
In situ observation on dense colonies of adul t pa ramphis tomes in the 
rumen suggests limited opportunity for t issue grazing and hence 
hematophagy (Mattison et al, 1992) which is further evidenced by the 
presence of Hb in the digestive tract of G.explanatum (Dunn et al, 
1987). The azocollytic and gelatinolytic activity, in amphis tomes may 
be important in the invasion of host t i s sues as both are major 
components of GI t issues and liver mass . Although adul t parasi tes of 
G.crumenifer and G.explanatum unlike juvenile, are not directly 
involved in penetrat ion process bu t it is possible tha t a t t achment to 
host t issue may account for epithelial damage which might be 
facilitated by proteinases. Thus, possession of gelatmo-like, 
azocollytic, trypsin-like and hemoglobinolytic activities in 
amphis tomes ES products indicates an impor tant role of the 
proteinases in these worms. 
The time course of an enzyme release revealed that all the 
G.crumenifer samples collected at different time intervals had a similar 
level of activity and banding pat tern, which significantly hydrolyze the 
subst ra te at 120kDa and 32kDa while in G.explanatum 92kDa and 
82kDa represented the major bands . To test whether , some of the 
proteinase activity might have formed as a resul t of self degradation as 
in response to change in the pH of the medium resulting from the 
incubation of live worms, no change in the relative activities of any 
band was detected except a high Mr. band (92kDa Ss 82kDa) of 
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G.explanatum which showed slight change in the relative activity 
indicating that it was unstable unde r the incubat ion conditions while 
in G.cnimenifer no proteinase appeared to be converted from one form 
to another. Thus the two amphis tomes could be dist inguished by 
differences in their activity of proteinases expressed particularly in 1 he 
high Mr. range. 
The heterogeneity of ES proteinases may reflect functional 
variability a n d / o r conditions unde r which these proteinases may be 
active, and may be involved in pathogenesis , t issue invasion, feeding, 
morphogenesis or infectivity. Both the amphis tome enzy^mes active 
against azocoll and synthetic dipeptide subs t ra tes differed with regard 
to pH optima and inhibitor susceptibility. Results obtained in the 
azocoll assay clearly inferred tha t the enzyme released by liver 
amphis tomes were active across a broad range of pH (pH 4.0-9.0) with 
pH opt imum of 7.0 while in G.crumenifer the proteinases were active 
in neutral range with peak activity at pH 8.0. However, optimal pH for 
the hydrolysis of azocoll does not necessarily implies that it could be 
due to collagenases, however in some other s tudies the azocollytic 
activity of the enzymes released by the t issue invasive stage larvae of 
the nematode A.suum (Knox & Kennedy, 1988) demonstra ted the 
activity with an alkaline optima suggests the involvement of 
collagenases. Neutral and or alkaline proteinases other than acid 
proteinases have been biochemically detected in the released products 
of many helminths like Toxocara canis (Robertson et al, 1989), 
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Haemonchus contortus larvae (Gamble et al, 1989). However, Karanu 
et al, (1993) found high acid proteinase activity in the ES products 
showing pH of 5.0 in Haemonchus contortus adul t worms. The 
proteinases active at or near physiological pH in amphis tomes further 
suggest that they might be active extracellularly and could be involved 
in the extra corporeal digestion such as degradation of blood or t issue 
proteins or penetrat ion of host t issues. Although the adul ts of 
G.explanatum and G.crumenifer do not penetra te the host t issue and 
ra ther reside in the lumen of the bile duc ts and at the base of the 
rumen papillae, respectively but they may cause damage to the 
epithelial surface of the bile duct and ruminal wall due to the strong 
acetabular a t tachment . Such aspect could be more important for the 
immature paramphis tomes responsible for acute pathology which 
deeply imbedded into the mucosa of the small intestine causmg 
damage to the epithelial cells by their large posterior (ventral) sucker 
Although the precise class of the secreted proteinases is yet to 
be determined, however, marked inhibition by EDTA in G.explanatum 
and G.crumenifer indicates the divalent ion dependent activity of the 
proteinases of these worms. The metallo proteinases are usually 
recognized by their susceptibility to inhibition by chelating agents 
such as EDTA and 1,10-phenanthroline but as some members of the 
other proteinase classes may be activated or stabilized by metal ions 
therefore, the diagnosis of the metallo proteinase class in the worms 
was tested based on its insensitivity to other inhibitors plus the 
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obsen^ation of inhibition by the chelating agents . The resul ts of the 
present s tudy clearly demonstrated the s trong inhibitory effect of 
EDTA and PMSF in G.crumenifer and EDTA and iodoacetamide in 
G.explanatum suggesting the occurrence of serine and cysteine 
proteinases in the released products of these worms respectively 
beside metallo proteinases. 
The occurrence of multiple proteinases seems to be a ver\' 
common feature in parasitic crude extracts and ES products 
(McKerrow, 1989). ES of adult Trichinella spiralis predominantly 
contained serine proteinases, but the additional presence of metallo 
proteinases and cysteine proteinases was also established (Todorova 
et al, 1995). Serine a n d / o r metallo proteinases which degrade extra 
cellular matrix proteins has been reported in a n u m b e r of parasi tes 
including Ancylostoma caninum, Anisakis simplex, Brugia malayi, 
Dirofilaria immitis, Nippostrongylus brasiliensis, Strongyloides 
stercoralis, Toxocara canis, Trichuris suis and Onchocerca volvulus 
(McKerrow et al, 1985, 1990; Peterlanda et al, 1986; McKerrow, 
1989; Richer et al, 1992). It was shown by Hotez 86 Cerami, (1983) 
and Hotez et al, (1985) that the ant icoagulant effects of the ES 
proteins from A.caninum were related to degradation of plasminogen. 
Plasmin is a serine proteinase that is responsible for the removal of 
intravascular clots (White et al, 1978). The ability of plasmin to 
degrade ECM proteins has been implicated in t issue remodelling and 
tumor cell invasion (Seeds et al, 1995). Similarly, cysteine proteinases 
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secreted by S.mansoni, F.hepatica and P.westermani are each 
candidate molecules for immunodiagnosis of these infections. Cysteine 
proteinases are involved in feeding, t issue penetrat ion and immune 
evasion by many helminths , including liver flukes and schistosomes, 
and are therefore, important candidates at which novel 
chemotherapeut ic strategies be directed. 
In the present s tudy APMA was utilized in an a t tempt to identify 
stores of MMPs in the in vitro released produc ts of amphis tomes for 
this ES samples were firstly treated with APMA and then tested for 
sensitivit}^ to 1,10-phenanthroline. Following the similar approach 
MMP like activity in various malignant cell cul ture sys tems h a s been 
identified. MMP class of enzymes is responsible for m u c h of the 
turnover of matrix components . To date 66 different MMPs have been 
sequenced, of which 21 are from h u m a n t issues . These h u m a n 
enzymes have counterpar t s in other vertebrates , some of which are 
very closely similar, for eg., rodent type of interstitial collagenase 
share the highest degree of homology with h u m a n collagenase-3 also 
called MMP-13 (Nagase 85 Woessner, 1999). Similar suggestions have 
been made for the matrix metallo proteinase gene of X.laevis matrix 
metallo proteinase MMP-11 and MMP-19 of h u m a n s (Pei and Weiss, 
1995; Pendas et al, 1997; Yang et al, 1997). The immuno screening 
with the monoclonal antibody to the 24kDa secretory protein of 
Gnathostoma spinigerum ha s identified cDNA clone with an insert of 
932bp containing a full length gene of 732bp which is 33-39% similar 
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to MMPs of C.elegans (Wada et al, 1998). The other nematode MMP 
identified from the C.elegans was described as being similar to the 
hatching enz^-me precursors (Wilson et al., 1994). Members of the 
superfamily of zinc metalloproteinase were proposed to be involved m 
numerous processes in parasi tes like, immunomodulat ion, embryonic 
development, organ shape , tissue penetrat ion activation to parasi t ism 
at infection, exshea thment and moulting ( De Maere, 2005) 
On the basis of the molecular weight of the fragments generated, 
both MMP-2 and IVIMP-9 like activities were identified in the E]S 
products of amphis tomes . In the zymographic analysis latent forms of 
MMP were identified only in low a m o u n t s which may also be possibly 
be due to appropriate enzyme inhibitors in the ES medium of 
amphis tomes but this needs to be further confirmed. Most of the 
MMPs are not present in high concentrat ion unde r physiological 
conditions bu t their secretion in pro forms in amphis tomes may be 
similarly impor tant in many functions correlated with a number of 
physiological and pathological processes including invasion, t issue 
remodeling and extra-corporeal digestion etc. 
The predominant gelatinase activity was showed by 72kDa band 
in G.explanatum while in G.crumenifer MMP-9 was predominantly 
expressed. Besides this, an unusua l ly s trong band of 28kDa was also 
generated in incubates of G.crumenifer after APMA treatment. It is 
possible tha t activation of an enzyme in a mixture can often result m 
apparent activation of another (Salvesen & Nagase, 1989) as also 
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suggested for O.volvulus larval extracts . Besides this the activity 
present at this Mr. was inhibited completely by 1,10-phenanthroline, 
PMSF and lodoacetamide, and further MMP-9 activation was generallv 
apparent in the presence of 28kDa therefore, it may be either serine or 
cysteine proteinase responsible for the MMP activation as suggested 
for plasmin and cathepsin B for both MMP-2 and MMP-9 (Ramos-
DeSimone et al, 1999; Giusd et al, 2008). 
The gelatinase activity at 72kDa and 92kDa identified as MMP m 
the ES products of amphis tomes were further characterized by WB 
using polyclonal coUagenase specific ant isera which demonstra ted a 
predominant band of 62kDa corresponding to the active forms of 
MMP-2. The antibacterial collagenase antibodies failed to detect MMP-
9 in the present s tudy (pi. see chapter 1) bu t in an another s tudy it 
has been suggested tha t the absence of immunogenicity of the 
catalytic domain of S.stercoralis (Ss40) a metalloproteinase, potentially 
has a selection advantage for the parasi tes , as h a s also been 
suggested for other parasite enzymes, involved with t issue migration 
(Kumar, 1993). Our preliminary investigation revealed the occurrence 
of MMPs in amphis tomes however, further investigations through 
more specific inhibitors, monoclonal antibodies and sequencing is 
suggested. Thus the MMP like activity in amphis tomes ES products 
may be important in a similar way as MMPs of vertebrates and it may 
be more interesting to investigate the profile of these enzymes in 
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future s tudies on the migrating juvenile stages which are the mam 
pathological agents . 
In vast majority of in vitro s tudies the anthelmintic effect of drugs 
in paras i tes target partially purified helminth enzymes or else live 
active worms are incubated in the presence of the test compound 
which could be ingested by the flukes or taken u p across the 
tegument to produce the desired effect. In the present s tudy when 
1,10-phenanthroline and rafoxanide were assayed directly on worms 
for their effect to modulate the release of proteinases , the results 
indicate that both the compounds produced time and concentration 
dependent effect and inhibition as high as 100% was observed. 
The possibility of inhibition of proteinase activity when measured 
in an assay with live worms in the presence and absence of drug, 
rafoxanide was found effective at a concentration as low as 25LIM. 
Although it is not clear that whether the enzyme release is a direct 
effect or inhibition is secondary i.e., binding of drugs to parasite 
surface or enzymes, bu t inhibition of proteinase activity is well 
correlated with drug effect. Rafoxanide possess potent anthelmintic 
activity against m a n y helminths and is a known flukicide exerting its 
effect by uncoupl ing oxidative phosphorylation (Prichard, 1978; 
Probert et ai, 1991; Martin, 1997). Salicylanilide anthelmintics may 
also act as free radical generators (Bennet-Jenkins & Bry^ant, 1996). It 
is reported to interfere with the glucose up take , glycogen reserves and 
ATP synthesis in a n u m b e r of parasi tes . On the other hand the 
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inhibitory effect caused by rafoxanide may probably a consequence of 
the al terat ions produced by the drug on vitelline cells (Stammers, 
1975 a & b). The origin of ES products in amphis tomes has been 
demonst ra ted (pi. see chapter 1) predominantly in the tegument and 
vitellaria therefore it is quite possible that rafoxanide induced cellular 
disorganization, binding and disruption of s t ruc tu res especially of 
vitellaria and tegument could have blocked the enzyme release as also 
evident by SEM results . In the present study rafoxanide also caused 
damage to the surface of amphis tomes . The drug mediated disruption 
of the surface may well be a generalized response of the tegumental 
surface to an obnoxious agents but halogenated salicylanilides unique 
pharmacokinet ic behaviour appears to play an important role in the 
efficacy and safety of these compounds that bound extensively to 
plasma protein (mainly to albumin) resulting in long terminal half-
lives in sheep and cattle and differential effect of drug on the release 
and worm surface may well be due to its differential rate of up take m 
amphis tomes. The tegument is not only a protective shield for the 
parasite but performs other important functions at the interface 
between the parasi te and its host (Skelly 86 Shoemaker , 1996). The 
significant inhibition of proteinase release in amphis tomes in the 
presence of rafoxanide in the present s tudy could possibly be due to 
secondary effects besides oxidative phosphorylation and tegumental 
disruption but this can affect a wide array of physiological activities of 
the worms (Shapiro, 1998) including cellular differentiation. 
161 
The observation tha t 1,10-phenanthroline inhibit release parallels 
a similar observation carried out in other worms using proteinase 
inhibitors m in vitro trials. Xu and Dresden, (1986) found that 
inhibition of an aminopeptidase released in the hatching fluid of 
schistosome eggs, inhibited egg hatching. Various metal chelators 
have been shown to cause immobilization, lysis and loss of infectivity 
in tPy^panosomes (Shapiro et al, 1982). In S.mansoni 1,10-
phenanthro lme at 5-150microM concentrat ion affects the motor 
activity, egg laying and viability of paras i tes (Day & Chen, 1998). 
Metal proteinases generally bear zinc in the active center, and is 
therefore, sensitive to 1,10-phenanthroline, a relatively specific 
chelator of zinc. In the present s tudy when, zinc chelator, 1,10-
phenanthro lme was screened for its activity on proteinase release, 
azocollytic activity of both G.explanatum and G.crumenifer was 
inhibited at 25|aM concentrat ion. However, worms treated with ImM 
inhibitor were less motile than unt rea ted worms but there was 
complete loss of enzyme release in G.crumenifer while in G.explanatum 
release was enhanced . The phenanthro l ines are nonpolar, planar 
molecules and have been suggested to inhibit interactions between 
transcription factors and DNA by intercalation (Mahon 85 Gasiewicz, 
1992). Lane et ah, (1998) demonstra ted tha t 1,10-phenanthroline 
induced swelling and electron-dense deposits in the T.cruzi 
kinetoplast, mitochondria and cisternae of endo plasmic reticulum 
(EPR), the metallic portion of which predominantly contains Ca++. 
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Number of earlier studies has indicated that chemotherapeutic 
disturbances of calcium homeostasis results in cell death (Schanne et 
al, 1979; Orrenius et al, 1989) and increased Ca++ can potentially 
activate proteinases with a potential of cleaving cytoskeleton, It 
appears that similar mode of action of 1,10-phenanthroline is 
probably mediated in amphistomes. When the effect of an inhibitor 
was examined by SEM on the tegumental regions of the worms it get 
clearly damaged. Thus in amphistomes the primary effect of inhibitor 
on tegumental membrane followed by common functional 
consequence involving influx of Ca++ across damaged surface perhaps 
leads to toxic death of cells. However, mainly the tegumental papillae 
appeared damaged in G.explanatum whereas in G.crumenifer 
resistance of membrane even after 4h time period indicates the 
hardiness of the tegument, perhaps the adaptation in response to the 
microenvironment of the rumen where they are inhabited. 
As, in the present study no attempt has been made to correlate the 
proteinase activity to biological functions but the inhibition of release 
due to 1,10-phenanthroline and rafoxanide clearly indicate that 
further more refined studies are required to dissect out molecular 
events in amphistomes in order to develop a more effective drug. 
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Some excretory/secretory enzymes of ^.eoqptanatum and 
Q.crumenifer and tfie effect of infection on anti oj(idant 
yotentiaC of SuffaCo Civer and rumen tissues. 
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INTRODUCTION 
Enzymes by parasitic helminths are known to be involved in the 
host parasite interplay and constitute potential targets for diagnosis, 
anti-parasite drugs and vaccines (Rosenzvit et al, 2006) and also 
serve as an indicator of organism's metabolic rate which depends on 
environmental conditions, developmental stages, physiological stage 
and sex (Zoltowska et al, 2007). The secreted enz^ '^^ mes of the 
parasites are in intimate contact with host tissues and it has been 
observed that a wide variety of enzymes required for survival are also 
excreted/secreted (Rao et al, 2000; Gupta & Rathaur, 2005; Guillou 
et al, 2007). Parasites release enzymes, like acid phosphatases, 
alkaline phosphatases, acetyl choline esterases (AChE), superoxide 
dismutase (SOD), gluthaione-S-transferase (GST) and many more 
when maintained in vitro in the incubation media. These enzymes are 
involved in multiple dynamic processes and are key determinant of the 
various physiological and metabolic events that are central for the 
successful establishment of the delicate host-parasite relationship 
(HPR). 
Among the various enzymes it has been observed that 
phosphatase activity is generally present at the sites where 
interchange especially, uptake and transport of carbohydrates, with 
the environment occurs. The acid and alkaline phosphatase activities 
have been histochemically demonstrated in the tegument, 
gastrodermis and reproductive structures of many parasitic 
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helminths . Intact phosphate esters are not generally absorbed by the 
certain helminths , although, the products of their hydrolysis are 
absorbed involving phosphatases . Thus phospha tase function as 
intrinsic digestive enzymes and the activity of these enzymes h a s also 
been associated with internal t issues, such as microsomal/ lysosomal 
fraction, excretor\' system, vitellaria and u t e ru s of many paras i tes (Li 
85 Bao, 1992). Although, the functional role of phosphomonoes te rases 
remain speculative in parasi tes but their detection in the ES products 
implies their importance as other secreted enzymes in extracorporeal 
digestion and tissue penetration (Martinez-Grueiro, 2002). Moreover, 
the multiplicity of molecular forms (Mr. & pi), differing from the 
respective host enzymes provide opportunity to be targeted for 
chemotherapy (Sarciron et al, 1991). 
Besides phosphatase , AChE enzyme of paras i tes is also 
excreted/secreted by the parasi tes and they are found to be effective 
immunological target. Polyclonal anti AChE antibody produces almost 
total complement dependent killing of the paras i tes in vitro (Espinoza 
et al, 1991, 1995; Arnon et al, 1999). AChE in paras i tes is involved 
in many functions, like acting as an ant icoagulant , destroying 
anthelmint ics and modulating immunological effector mechan i sms 
(Maizels et al, 1993). AChE on the parasi te surface is known to be 
involved in non-cholinergic functions like glucose scavenging from the 
host (Jones et al 2002), Histochemically, AChE was demonst ra ted on 
the parasite surface, in the muscles , in the neura l cell bodies and 
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extracellularly in the neuropile of the cerebral ganglia of the 
t rematodes (Sukhdeo et al, 1988a). Besides this , AChE activity 
secreted by larval and adults forms serve as the function of 
biochemical holdfast especially, in the parasi te , dwelling the gut 
(Sanderson, 1969; Sanderson et al, 1972, 1976; Ogilvie et al, 1973; 
Philipp, 1984). Because of their effect on nerve t ransmiss ion they have 
been expected to suppress local peristalsis by inhibiting host 
acetylcholine and allow the parasite to remain at the site and thus 
play crucial role in the host-parasi te relat ionship (Philipp, 1984; 
Rhoads, 1984). The high amount of AChE in ES products of the 
worms h a s been linked for their greater importance in survival making 
them suitable candidate for vaccination studies. 
In vivo free radicals are constantly generated as a result of 
metabolic reactions (Halliwell 8& Gutteridge, 1989) and the antioxidant 
defense relies on different enzymatic and non enzymatic strategies 
however, enzymatic removal contr ibutes little to the antioxidant 
activity of extracellular fluids. The antioxidants are often characterized 
by their ability to inhibit lipid peroxidation. Helminth parasi tes live in 
close contact with host humoral and cellular cationic factors, therefore 
it is expected that parasite induced pathology may resul t into an 
inflammation of t issues. In parasi tes, several lines of defense lead to 
immune evasion mechanisms. Antioxidants enzymes are one such 
mechanism used by them to combat the effects produced by immune 
effector cells. Malondialdehyde (MDA) a natural ly occurring by product 
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of LPO reaction, is generated as a result of PUFA peroxidation due to 
cellular injury and its concentration h a s been associated with various 
conditions and pathological s ta tes of diseases. ES enz>^mes, of the 
parasi tes are engaged in many protective roles in the paras i tes like 
they protect the worms from activated phagocytes, neutrophils , 
monocytes, macrophages , eosinophils a t the site of infection. The 
immune effector cells at the inflamed sites produce reactive oxygen 
species (ROS) and can kill the parasi tes with the help of a battery of 
NADPH oxidases located in their surface membrane (Callahan et al, 
1988). In a whole chain of event superoxide anion (O2"), H2O2 and 
hydroxyl anion (OH-) produced from immune effector cells and 
myleoperoxidases and eosinophils peroxidases secreted from the 
activated neutrophi ls and eosinophils respectively bind ionically to the 
negatively charged surface of helminth targets and catalyze the 
conversion of H2O2 and halides into water and hypohalous acid (a 
known powerful oxidant) which can react with amines to form a more 
stable and potentially damaging products . Parasite damage can also 
be mediated via granulocyte nitric oxide mediated responses 
(Piedrafita & Liew, 1998; Abo-Shousha et al, 1999). 
Well adapted parasi tes defend to such toxicity by releasing 
antioxidant enzymes like superoxide d i smutase (SOD), glutathione-S-
transferase (GST), glutathione peroxidase (GPx), glutathione reductase 
(GR) and catalase in the host body in order to destroy the host effector 
cells. Evidence suggests that released antioxidant enzymes are vital 
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for parasi te survival in the host (Callahan et al, 1988). Parasite 
survival in the host has been correlated with their increased 
antioxidant enzyvae levels (Kazura & Meshnick, 1984). Elevated le\els 
of ant ioxidant enzymes have been correlated with persistence of 
N.brasiliensis in the intestine of its rodent host (Smith &, Bryant, 
1986; Batra et al, 1993). They are a s sumed to be absolutely required 
for survival like many housekeeping enzymes and are likely to be 
involved in hos t parasi te interactions and have been postulated to be 
involved in the defense against host-derived reactive oxygen species. 
Prominent among antioxidant enzymes are SOD which forms an 
important line of defense against the ROS, particularly superoxide 
anion radicals (SOR) and is generally classified as an "immune 
defense" protein (Callahan et al, 1990; Brophy et al, 1995). SODs are 
postulated to play a role in the protection of paras i tes against the 
cellular, oxygen mediated killing mechan i sms of the hos ts (Callahan et 
al, 1991; Hong et al, 1993). The parasi te derived SOD was detected 
at the host -paras i te interface in the epithelial cells of the intestine and 
likely to aid parasi te in dealing with oxidative s t ress generated due to 
uptake of host molecules (Smith & Bryant, 1989). 
During infection, lipid and phospholipid hydroperoxides formed 
as a resul t of initiation of LPO processes are decomposed to secondarv 
products such as toxic carbonyl species which can peroxidize 
membrane and cause rigidity, loss of selective permeability and 
integrity of membranes and loss of subcellular compar tments (eg. 
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mitochondria). Therefore, second line of defense is required to remove 
fatty acid hydroperoxides from membrane compar tments which can 
act against hydroperoxidation cascade, involving detoxification of 
phospholipids/ l ipid hydroperoxides and 4-hydroxyalkenals and 
cytotoxic by products of LPO. Digeneans GSTs have significant activity 
with LPO derived carbonyls t h u s reduce the rate of LPO from 
membranes . GSTs provide final line of defense against free radical 
induced damage in parasi tes, as it is the major detoxification system 
found in helminths which appear to lack the cytochrome P450-
dependent detoxification system. GST participate in detoxifying the 
exogenous toxins and also neutralize the exogenously derived toxins 
such a s anthelmint ics by conjugating them with glutathione or 
passively binding to toxic ligands t h u s acting as "biochemical 
sponges". GST enzymes of parasi tes are also protective ant igens m 
vaccination against digeneans and are target of host protective 
immune response. They are also important targets of anti parasitic 
drugs (Brophy Ss Barrett, 1990; Brophy 85 Pritchard, 1994). 
Thus in view of the importance of the ES enzymes including 
antioxidants enzymes in the parasi te survival, in this preliminary 
study a variety of key enzymes like, phospha tases , 
acetylcholinesterases, glutathione S-transferase (GST), superoxide 
d ismutase (SOD) and catalase, which could be involved in 
extracorporeal digestion, oxidative metabolism, maintaining the redox 
potential, evading the host immune responses etc, have been analyzed 
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in t issue homogenates as well as in ES products of the amphis tome 
parasi tes. It is generally believed tha t the host is capable of significant 
tolerance to infection by the parasi tes and such defense is associated 
with generation of reactive oxygen and antioxidant potential of the 
host. In the present s tudy antioxidant properties of buffalo is 
measured dur ing course of amphis tomosis disease in order to 
determine antioxidant defense potential of the host as elucidation of 
biochemical mechan i sms involved in host-parasi te interaction which 
may be important to under s t and the molecular basis of parasi te 
induced pathologies, responsible for huge morbidity (Clark et al, 
1986). 
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REVIEW OF LITERATURE 
The review of literature clearly reveals that a number of different 
enzymes have been detected in the excretion and/or secretions of wide 
variety of helminths. There are number of reports describing 
phosphatases, AChE and enzymes of major detoxification system that 
are present in parasitic helminths and their involvement is evident in 
defense mechanism associated with the generation of reactive oxygen 
species. 
The phosphatases in parasitic helminths have been still in the 
focus of research for reasons like the multiplicity of molecular forms 
and differences from the respective host enzymes. Enormous amount 
of data on the distribution and kinetic properties is available but the 
information on the biological role of non specific phosphatases is still 
obscure. In previous studies much attention has been paid to 
phosphatases in relation to absorption of nutrients and it has been 
suggested their presence indicates the process of active transport 
(Lumsden, 1975) in parasites. Arme and Read, (1970) suggested that 
the possible functions of phosphatases in helminths may be to 
hydrolyze the phosphate esters prior to absorption of the products of 
hydrolysis as intact phosphate esters do not seem to be absorbed b\' 
certain helminths, although the products of their hydrolysis are 
absorbed. However, there are many published reports which 
contradict the above hypothesis where phosphatases are shown to be 
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involved directly in absorption of nut r ien ts (Pappas 86 Read, 1974; 
Levy & Read, 1975; Starling and Fisher, 1975). 
Majority of earlier s tudies on phospha ta ses dealt with 
histochemical aspects showing the distribution of phospha tases in 
parasi tes . The occurrence of acid phospha tases in high concentrat ion 
in the hypodermis of A.cantonensis, Dirofilaria immitis, Chordodes 
japonensis and Metastrongylus spp. suggests the metabolic 
involvement of the body wall in the parasi tes and such absorption is 
very unlikely from surface, as there is a well defined intestine m 
nematodes (Yanagisawa et al, 1970). In F.hepatica, acid phospha ta ses 
were restricted to the integument and gastrodermis of the worms 
while alkaline phospha tases were mainly localized in the excretorv^ 
ducts , u ter ine walls and vitellaria (Yamao & Saito, 1952). Contrar\ ' to 
these findings alkaline phosphatase activity was specifically localized 
in the tegument of S.mansoni (Wheater 86 Wilson, 1976) and was 
termed as marker tegumental enzyme associated with the membrane 
transport . Similarly, the stronger alkaline phospha tase activities were 
recorded in the tegument than in the sub tegument muscu la tu re of 
Sparaganum 86 S.erinacei by Kwak 86 Kim, (1996). 
The acid and alkaline phospha tase activity h a s also been 
demonstra ted in the testis, ovary, u te rus , cirrus sac and egg shell of 
t rematodes by Sharma, (1976). Haque 86 Siddiqi, (1982) histo-
chemically localized both acid and alkaline phospha tases in the 
tegument, gastrodermis, suckers , testis, ovary, eggs, vitellaria and 
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u t e ru s of G.explanatum and G.crumenifer but alkaline phospha tases 
was detected only in the parenchyma and excretory duct. Sharma & 
Hora, (1983) demonstra ted nonspecific acid and alkalme 
phospha ta ses in the oesophageal gland secretions of O.scoliocoelium & 
P.cervi. However, Sha rma & Hanna (1988) studied the distribution of 
acid and alkaline phospha tases in oral sucker and in the parasite 
tegumient of the amphis tome and their histochemical and electron 
microscopic resul ts suggested that in amphis tomes tegument may be 
primarily specialized for the protection of the worm against 
mechanical and chemical conditions prevailing in the rumen as their 
surface syncytium lack mitochondria and enzymes associated with 
active t ransport . 
Despite the relatively large number of histochemical studies, few 
detailed biochemical studies have been under taken and ver^' limited 
information is available on the properties of the 
phosphomonoes terases in trematodes. Nizami et ah, (1975) studied 
the non specific alkaline phosphomonoesterases in 8 different 
t rematodes species and showed that species from the same habi tat 
showed identical pH optima bu t different levels of enzyme activities 
and at least 2 peaks of activity at different levels of pH were obtained 
for each species unders tudy . Payares et ah, (1984) purified solubilized 
alkaline phospha ta ses from S.mansoni and associated their activity 
with a possible te t ramer of Mr. 260kDa while activity in native PAGE 
was associated with a band of ISOkDa. Fur ther the purified enzyme 
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showed single glycosylated polypeptide of Mr. 65kDa on reduced SDS-
PAGE. The molecular species expressed were shown to be similar m 
different developmental stages viz. cercariae, schistosomula, adult 
schistosome and eggs bu t was dissimilar (145kDa) from the liver and 
intestinal microsomal membranes of the host. In the same work 
au thors investigated the topography of enzymes on the schistosome 
tegument and concluded that enz^'me is not exposed at the surface 
and is probably buried in the tegumental membrane network and 
have different internal distribution within S.mansoni. In S.mansoni 
more t h a n 7 5 % of alkaline phosphatase activity was found localized in 
the epidermis while acid phospha tases showed 2 components m 
electrophoresis, one that is soluble and the other bound to the 
membrane s t ruc tu re and it was inferred that soluble component of 
acid phospha ta se is more a b u n d a n t than its alkaline compar tment in 
relation to the bound component in S.mansoni (Cesari; 1974). 
The isozymes of phosphomonoes terass have also been reported 
from many t rematodes {Nimmo-Smith 86 Standen, (1963) m 
S.mansoni; Ma, (1964) in C.sinensis; Mills et al, (1966) m 
P.westermani; Probert et al, (1972) in F.gigantica; Haque & Siddiqi, 
(1982) in G.explanatum and G.cnimenifer, Kwak 85 Kim, (1996) in 
Sparaganum and S.erinacei}. 
Lawton et al, (1994) purified alkaline phospha tases to 
homogeneity from the hydatid cyst membrane of E.granulosus and 
reported the Mr. of purified protein (210kDa), a te t ramer s t ructure 
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composed of four 56kDa uni ts . Further , the phospha tases of 
E.granulosus (loc. cit) which also differed from tha t of the host 
enzyme, and a lkahne phosphatase enzyme of S.mansoni was reported 
to be antigenic in the host (Pujol & Cesari, 1990). Similarly Sarciron et 
al, (1991) purified alkaline phospha tases from E.multilocularis and 
reported their difference from hepatic enzymes in te rms of the Mr. and 
pi. 
It is clearly evident that the available da ta on acid and alkahne 
phospha ta ses either comes from the whole paras i tes or from the 
histochemical s tudies on the intact worms. Very few reports are 
available about their secretion by parasi tes (Gamble St Mansfield, 
1996; Fetterer 8s Rhoads, 2000; Martinez Grueira, 2002). It ha s also 
been suggested tha t ES acid phosphatase activities in the cul ture 
medium of H.polygyrus indicates its viability in vitro (Martinez 
Grueira, 2002). 
The importance of AChE as an interneuronal and endplate 
neurot ransmi t te r in vertebrates and invertebrates is well known. 
AChE is very broadly distributed in many species of parasi tes 
(Bueding, 1952; G u n n 85 Probert, 1981; Massoulie et al, 1993; 
Gimenez Pardo et al, 2000; Selkirk et al, 2001) and the biological role 
of AChE in parasi tes is being constantly unders tood in context with 
the development of anthelmintics (Alonso-Villalobos & Martinez-
Grueiro, 2000). Various cholinomimetic agents and AChE inhibitors 
were shown to be significantly decrease the ampli tude of muscle 
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contraction in various parasi tes such as S.mansoni and are being 
used as anthelmint ics (Mellin et al, 1983). 
Schis tosoma AChE is the target for several ant iparasi te drugs, 
including hycanthone , lucanthone, metrifonate, phosphonium 
compounds . In Schistosoma AChE was specifically localized on the 
parasi te surface and in the muscles (Camacho et al, 1996). In 
S.mansoni AChE was first demonstrated in adul t worms by Beuding, 
(1952) and was partially characterized both histochemically and 
biochemically. Earlier studies suggested the involvement of AChE m 
motor activity in S.mansoni. Extensive biochemical and immunological 
investigations carried out in Ruth Arnon's laboratory (Camacho et al., 
1984; Goldlust et al, 1986; Arnon et al, 1999) on the AChE enzyme of 
S.mansoni showed tha t the enzyme was concentrated u p to 350 times 
more in the outer membrane, than rest of the body. The species 
specific susceptibility of metrifonate in Schistosomes is probabh/ 
linked to their distinct distribution pat tern in worms (Camacho et al, 
1994). Comacho St colleagues (1994), reported G2 as the dominant 
molecular form of AChE enzyme in schis tosomes that was 
differentially expressed on the tegument of different species. 
S.hematobium tegument expresses almost 20 t imes and S.bovis almost 
6.9 times AChE activity as compared to that present on the S.mansoni 
tegument. AChE on the surface of the Schistosoma seems to be likely 
target for schistosomicidal anticholinesterases (Bentley et al, 2003). 
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The biochemical qualitative estimation of absolute levels of 
AChE released by digenetic t rematodes suppor t s the view that their 
secretion may probably take place in situ to counteract peristalsis 
(Nizami et al, 1977). The in vitro secretion of AChE by nematodes has 
been used as a biochemical marker for the physiological s t a tus of the 
worms and h a s been applied to screening systems for detecting new 
broad spec t rum anthelmint ics (Watts et al, 1982; Rapson et al, 1986; 
Gupta et al, 1991; Tekwani, 1992; Alonso-Villalobos & Martinez-
Grueira, 2000). The resul ts of the anthelmintic s tudies showed that 
AChE of M.expansa is resis tant to most of the available anthelmint ics . 
Although it is verv' sensitive to organophosphate when used at a veiy 
high concentrat ion (Gunn 86 Probert, 1981). Govorova & Polyakova, 
(1971) also showed that ChE activity in A.galli was relatively 
insensitive to BMZ compounds , 2-(2-phenylbenzimidazole) producing 
the max imum effect of 17% only. Piprazine adipate produce at least no 
effect on enzyme activity in A.suum a l though, moderate inhibition of 
the AChE from A.suum h a s been previously reported (Zukovic & Sir, 
1960; Knowles & Casida, 1966; Hutchinson, 1970). 
Histochemical s tudies performed on F.hepatica demonst ra ted 
AChE activity in the neural cell bodies and extracellularly in the 
neuropile of central ganglia. However, pat tern and location of AChE in 
nervous system of F.hepatica was found to be very similar to those 
seen in higher invertebrates and vertebrates suggesting that the basic 
mechanism of neurotransmiss ion in higher invertebrates and 
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vertebrates are already present in this primitive phylum (Sukhdeo et 
al, 1988 a 8& b). The AChE present in the outer membrane of 
schistosome worms was shown to be probably a t tached to the 
tegum.ental m e m b r a n e via a covalently linked GPI anchor and 
suggested to be involved in non cholinergic function.like glucose 
scavenging from the host (Jones et al, 2002). Cheon & Kim, (1993) 
stained the nervous system of Fibricola seoulensis and observed the 
activity in oral sucker , ventral sucker, pharynx and nerve sep tum of 
the worms and additionally in the vas deference and sperm duc tu lus 
of RaiUientinajohri (Roy, 1980). 
AChE plays an important role in the nematode neu romuscu la r 
systems and in the host parasite relationship. AChE is released by 
several paras i tes and the potential role of these enzymes in the HPR 
has been discussed (Rhoads, 1984; Tarrab-Hazdai et al, 1984, 1999; 
Rathaur et al, 1987; Pritchard et al, 1991; Brown 86 Pri tchard, 1993; 
Espinoza et al, 1995; Gimenez-Pardo et al, 2000; Dizk, 2006). Its 
activity h a s been associated with the modulat ion of several host 
mechanism like GI motility, cell membrane permeability, 
ant icoagulant process , glycogenesis, acetate and choline metabolism, 
anthelmintic resis tance, immune and anti inflammatory response. 
Therefore, AChE of the nematodes pose to be the possible target for 
several drugs from protection against infection (Ros Moreno et al. 
2002) and ant ibodies raised against the purified AChE of S. mansoni 
are reported to be of protective value, as they led to efficient 
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complement-mediated killing of schistosomula in vitro (Espinoza et al, 
1991). Parasi te AChE h a s also been reported to modulate host 
physiological and immunological functions via the breakdown of ACh 
(Rhoads, 1984). 
The secretory AChE from S.cervi microfilarae has been 
suggested to be of value in the diagnosis of early filarial infections 
(Sharma et al, 1998). However, it ha s been reported tha t filarial 
secretory AChE exists in multiple molecular forms (Rathaur et al, 
1987). AChE antibody revealed 3 proteins of 30, 40 and 200kDa m mf 
and two proteins of 100 8& 200kDa in adult females ES (Rathaur et al, 
1987). The 5 isoforms of ES AChE of D.viviparus were recognized by 
antibodies obtained from naturally and experimentally infected calves 
suggesting tha t these enzymes are released in vivo (McKenad et al. 
1994). However, Trichinella pseudospiralis releases both AChE and 
BChE in the ES products . The presence of anti AChE antibody was 
demonst ra ted in the sera from T.pseudospiralis infected mice. 
D.viviparus releases AChE in vivo in the natura l host indicated by the 
observation a s the enzymes st imulated antibody response during early 
infection in calves (McKeand et al, 1994). 
McKeand et al, (1995) showed that guinea pigs are protected 
against D.viviparus challenge following immunization with adult ES 
products . Similarly, it ha s been shown that AChE may be potential 
candidates for incorporation in a s u b uni t vaccine against D.viviparus 
(McKeand et al, 1995). The in vitro s tudies suggest a modulatory role 
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of T.columbriformis and N.battus secreted AChE on the proliferation of 
epithelial cells of the host (Huby et al., 1999) however, almost nothing 
is known about the ES AChE of amphis tomes . 
SOD is a widely distributed enzyme found in variety of forms 
(Fridovich, 1978) including trematodes, cestodes and number of 
nematodes (Sanchez-Moreno, 1987 a 85 b; Sanchez-Moreno et al, 
1989 a & b). Helminth parasi tes are long lived pathogens whose 
persistence seems to be associated primarily with neutralization of 
immune effector functions (Maizels et al, 1993). As in t rematodes no 
catalase activity has generally been reported SOD protects the 
organism from the poisonous SOR produced by the various aerobic 
metabolic processes. However, catalase activity h a s been detected m 
P.westermani which was reported to decreases by age (Chung et ai, 
1992). 
Eukaryotes possess two major types of SOD, Mn SODs, from 
mitrochondria, and CuZn enzymes present in either cytosol or 
peroxisomes. Two subtypes of CuZn have been distinguished; 
cytoplasmic and extracellular (EC) enzymes. Numerous SODs have 
been characterized a n d / o r purified from helminth paras i tes ((Barrett, 
1981; Rhoads , 1983; Leid & Suquet, 1986; Sanchez-Moreno et al, 
1987, 1989; Callahan et al, 1991; Henkle et al, 1991; Hong et al, 
1992; Knox & Jones , 1992; Tang et al, 1994). Recently a number of 
helminth CuZn SODs have been cloned from S.mansoni (Simurda et 
al, 1988) and O.volvulus (Henkle et al, 1991) and one of these shows 
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the character is t ics of an extracellular enzyme, EC-SOD (Simadra et 
ah, 1988). 
Developmental regulation of antioxidant enzymes in helminihs 
is well known phenomenon and they are also effective vaccine and 
drug targets (Mkoji et al, 1988; Nare et al, 1990; Chung et at, 1992; 
Mei et al, 1995; Roche et al, 1996; Van-Paniagua et al, 2008). Chung 
et al, (1991, 1992) purified and characterized the C u / Z n SOD from 
adul t P.westermani and measured the activities of oxygen radicals 
scavenging enzyme in the early matura t ion stages of P.westermani. 
They (loc cit) found higher specific activity of antioxidant enzymes in 4 
weeks old worms as compared to 12 weeks and suggested that due to 
the different degrees of oxidative stress, each stage may be equipped 
with different activities of antioxidant enzymes. However, these resul ts 
were different from those of S.mansoni where antioxidant enzymes 
were more active in adul ts than in schis tosomulum (Mkoji et al, 
1988). 
In nematodes SOD secreted by adul ts protect the new born 
larvae from killing by oxidants generated by acetaldehyde-xanthine 
oxidase and explained to be one of the reasons for difference in 
resistance to killing (Kazura & Meshnick, 1984) by host immune 
system. On the contrary, in the initial stages of Paragonimus infection 
such parental protection shows not to exist (Chung et al, 1992). Up to 
present both the extracellular and C u / Z n SOD displayed strong 
species specific antigenicity (Callahan et al, 1988). In 
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schis tosomulum and adult worms of S.mansoni SODs were found to 
be associated with tiie host parasi te interface allowing the notion 
about their role in evasion of immune at tack (Callahan et al, 1988). 
Meshnick et al, (1986) pointed out the possible use of SOD as a target 
for ant iparasi te drug action and potential target as developing a 
subuni t vaccine against schistosomiasis has been shown by (Britton 
et al, 1994; LoVerde et al, 2004). 
SODs have been shown to possess anti inflammatory activity 
(Petrone et al, 1980) and has been reported to differ within the 
species of paras i tes and moreover species specific difference in the 
number , displacement and intensity of the isozyme b a n d s was also 
quite evident. However such studies on amphis tomes are lacking. 
GSTs consti tute several families of proteins active in 
detoxification of enzymes and are expressed from protozoa to 
vertebrates a s both soluble or membrane bound proteins (Ketterer et 
al, 1988). Mammalian GSTs have revealed several families of enzymes 
classified as alpha, mu, theta, kappa, zeta, pi and orriega (Sheehan et 
al, 2001). The GSTs appear to have been highly conserved through 
evolution and parasitic helminths like mammal s , probably express 
multiple forms of GSTs. In parasi tes GSTs of a lpha class (Sm28, Sj28), 
mu class (Sm26, Sj26), pi and theta (Brophy & Pritchard, 1994) have 
been discerned while five isolated soluble F.hepatica GSTs could not 
be placed into specific mammalian superfamilies (Brophy 86 Barrett, 
1990). A sigma class GST has been purified and characterized from 
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the A.galli by Meyer et al, (1996) and omega class GST has been 
characterized in S.mansoni (Girardini et al, 2002). Dulhunty et al, 
(2001) suggested a possible novel role of omega class of GST m 
protecting cells from apoptosis induced by Ca++ mobilization from 
intracellular stores. As mammal ian GSTs are involved in the t ranspor t 
of sexual steroids similarly testosterone functional binding have been 
shown to occur in S.haematobium (Sh28), this GST dependent effect of 
sexual steroids in h u m a n schistosomiasis could have an influence on 
the age and sex-dependent level of infection (Remoue et al, 2002). 
GSTs play essential role in biotransformation of xenobiotics by 
catalyzing the reaction of glutathione with n u m e r o u s electrophiles. 
The isozymes of GST are closely associated with the passive 
detoxification of various xenobiotics such as anthelmint ics and 
endogenously derived toxic compounds including secondary products 
of lipid peroxidation, or free radicals by us ing both catalytic and 
ligand binding activity (Ketterer et al, 1988) whereas the biological 
roles of ES GSTs are still to be determined however, in F.hepatica GST 
in the ES fraction are reported to be involved in the evasion of the 
parasi te from the host immune response due to its suppressive effect 
on the proliferative response of spleen mononuclear cells and 
inhibition of nitric oxide production by peritoneal cells (Cervi et al, 
1999). Although the juvenile stages of Fasciola were susceptible to 
ant ibody-dependent killing by activated ra t macrophages in vitro 
which is mediated by nitric oxide (Spithill et al, 1997). The secreted 
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O.volvulus GST h a s been proposed to be involved in protecting the 
parasi te near the host parasi te interface (Liebau et al, 1994). 
In digeneans, two parasitic he lminths GST superfamilies have 
been characterized to date i.e. superfamily (1), Schistosoma 28GSTs 
and superfamily (2), the Schistosoma 26GSTs. The F.hepatica high 
affinity 2 6 . 5 / 2 6 k D a GSTs is reported to be possibly the major GSTs 
al though, he lminths express more cytoplasmic than microsomal 
GSTs. 
It h a s been suggested that selective inhibition of parasi te GST 
could tip the favour of the host immune system, t h u s combines 
chemotherapy with immunotherapy (Brophy et al, 1989). Drug 
resis tance h a s been correlated with enhanced production of GST m 
parasi tes (Mannervik, 1985). There are only limited published data to 
compare the parasi te GST inhibition profile with h u m a n GSTs. A 
variation in the inhibition profiles between h u m a n & parasi te GSTs is 
more common than selective inhibition (Brophy & Barrett , 1990; 
O'Leary & Tracy, 1991). 
The localization of GST h a s been reported (Holy et al, 1989; 
Porchet et al, 1994) in many parasi tes and is reported to be potential 
vulnerable target for both chemo- and immunotherapy (Smith et al, 
1986, Balloul et al, 1987; Brophy & Barrett , 1990). The tissue 
localization s tudies on GSTs, examined in digeneans revealed that in 
S.mansoni both Sm 26 and Sm 28 GSTs are localized mainly in 
tegument and / o r subtegumenta l t i ssues (Trottein et al, 1990) while 
199 
in F.hepatica, GSTs have much wider distr ibution in comparison to 
S.mansoni. In F.hepatica GSTs were positively labeled in the tegument, 
muscu la r t i ssues , parenchymal cells and the intestine (Wijffels et al. 
1992). In S.mansoni members of the Sm 28 GST family are exported 
to the surface following synthesis in the protonephridial cells (Balloul 
et al, 1987) whereas in F.hepatica, GST is associated with the 
lamellae of the intestinal epithelium, parenchyma and tegument 
(Howell et al, 1988; Panaccio et al, 1992). In nematode 
A.lumbricoides, GST enzyme was found in intest inal and muscle 
t issues (Douch & Buchanan , 1978). 
The role of GST as protective antigen in vaccination against 
digeneans is well documented (Smith et al, 1986; Balloul et al, 1987; 
Mitchell et al, 1988; Mitchell, 1989; Wright et al, 1991) where it has 
been shown to produce significant protection in a number of animal 
hosts . Digeneans GST in general have low na tura l immunogenicity 
(Mitchell et al, 1988; Sexton et al, 1990) and GST vaccine 
formulations apar t from reducing worm burdens also significantly 
reduce female fecundity and fecal egg ou tpu t (Bushara et al, 1993; 
Xu et al, 1993). The multiple immunizat ions with purified F.hepatica 
adult worm GST induce significant level of immunity in sheep against 
challenge infection (Sexton et al, 1990) whereas , it fails to provide 
protection in rats , Molecular biology techniques have been pursued in 
order to improve GST based vaccines (Wolowczuk et al, 1991; Trottem 
etal, 1992; Xu etal, 1993). 
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The developmental regulation of GSTs h a s also been reported in 
schis tosomes which increase with the development of the parasite 
(Nare et ah, 1990) moreover, differential expression of GST is bemg 
observed in male and female schistosomes (O'Leary Ss Tracy, 1988) 
whereas such s tudies is still to be required in amphis tomes . 
There recently has been surge of interest in the peroxidation of 
lipids in paras i tes . This interest follows upon the early observation by 
changes in the activity of some antioxidant enzymes in the host 
muscle t issue during experimental trichinelliasis (Hadas & 
Gustowska, 1995; Boczon et al, 1996; Wandurska-Nowak et al, 
1998; Derda and Hadas, 2000; Derda et al, 2 0 0 1 , 2003 , 2004). Data 
reporting changes in the oxidative s t ress associated with t rematodes 
infection are extremely scarce (Nabih 86 Ansari, 1993; Bello et al, 
2000; Sheweita et al, 1997, 1998, 2003; Kolodziejczyk et al, 2005; 
Rizk etal, 2006). 
From the foregoing review of l i terature it is clearly evident that 
ES enzymes, are important from host parasi te interaction point of view 
as they not only help the parasi tes in survival bu t they are important 
from nutr i t ional view point. Therefore, in the present s tudy a t tempt 
h a s been made to analyze few of the ES enzymes of amphis tomes and 
some biochemical aspects of infected host t i ssues has been studied m 
order to gain some biochemical insight of the pathology caused by 
amphis tomes. 
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MATERIALS AND METHODS 
ANALYSIS OF VARIOUS ENZYMES 
For enzymatic s tudies paras i tes collected from the infected 
t issues were washed extensively in Hanks ' saline and incubated 
separately at 37±2^C for 4h. The ES products were centrifuged at 
5000 rpm at 4^0 for 10 min to clear debris a n d / o r eggs. The 
superna tan t was concentrated to 2 to 3 ml by ultrafiltration on an 
Amicon ultrafiltration appa ra tu s us ing YD-3 membrane having 
molecular weight cut off point 3kDa. The concentrated medium was 
desalted through PD-10 column which was equilibrated with lOOmM 
phosphate buffer pH7.4. Samples applied were eluted with the same 
buffer at 4°C and one ml fractions were collected and the absorbance 
was checked at 280 nm. Protein fractions were pooled and stored at -
20°C for enzymatic studies. Before the enzyme assays protein 
concentration in the samples was determined by the dye binding 
method of Spector, (1978) using BSA as the s tandard . All the assays 
were carried out at least in triplicate and the da ta was subjected to 
statistical analysis as described in Sokal 85 Rholf, (1981). 
For the analysis of enzymatic activity in parasi te homogenates , 
the specimens of G.explanatum and G.crumenifer were collected from 
the freshly s laughtered buffaloes and washed in Hanks ' saline. 
Homogenates were prepared in sodium phospha te buffered sucrose, 
pH 7.3 in a glass Teflon t issue homogenizer with a motor driven pestle 
and t issue debris were removed by centrifugation at 3000 x g. The 
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supe rna t an t fraction was saved and stored not more than a day and 
used immediately. 
The mfected buffalo liver and rumen t issues used in the present 
study were ensured for only G.explanatum and G.crumeMi/er infections 
while the non infected t issues used were ascertained for the absence 
of all the parasi t ic infections usually encountered in the local area 
like, Paramphistomum epiclitum, Orthocoelium scoliocoelium, 
Calicophoron calicophorum, Fasciola gigantica, Setaria cervi besides 
G.explanatum and G.crumenifer. Freshly collected t i ssues were 
separately homogenized and processed as mentioned above for 
parasi tes . 
ACID PHOSPHATASE (E.C.3.1.3.2): 
Acid phospha ta se activity was determined by the method of 
Bergmeyer et al, (1974). The activity was determined in a total assay 
volume of 0.8 ml containing 0.05 M acetate buffer (pH 5.0), 8 mM p-
nitro phenyl phospha te (Sigma) and suitable protein sample. The 
reaction mixture was incubated at 37±2° C for 60min and the reaction 
was terminated by adding 10ml of 0.02M NaOH. The amoun t of p-
nitrophenol liberated was determined by checking the absorbance at 
410 nm and compared with p-nitrophenol s t andard values. 
ALKALINE PHOSPHATESE (E.C.3.1.3.10) : 
Alkaline phospha tase activity was measured in a total assay 
volume of 1.0 ml containing 5mM, p-nitrophenyl phosphate (pnp, 
substrate) , 0.05 M Glycine - NaOH buffer (pH9.5) and suitable 
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aliquots of protein samples (Bergmeyer et at, 1974). The reaction was 
allowed to proceed for 60 min at 37-2°C and then stopped by adding 
10 ml of 0.02M NaOH. The absorbance of p-nitrophenol released was 
checked at 410 n m and s tandard curve of p-nitrophenol was prepared 
to est imate the enzyme activity values, expressed as j.imol pnp 
hydro lyzed /min /mg protein. 
ACETYL CHOLINE ESTERASE (AChE): 
The method of Ellman, (1978) was used to assay the activity of 
AChE in amphis tome samples. A s tandard assay mixture in a final 
volume of 0.2 ml, contained 20mM phosphate buffer (pH 6.0), 0.1-8.0 
mM acetyl thiocholine iodide and suitable aliquots of samples. The 
reaction mixture was incubated at 37±2°C for 60 min and stopped by 
adding 1.8 ml DTNB-phosphate-ethanol reagent. The reagent 
preparat ion was carried out by dissolving 12.4 mg of DTNB in 120 ml 
96% ethanol, 80 ml DDW and 50 ml of O.IM phosphate buffer pH 7.6 
(shelf life 6 m o n t h s at RT). The color was read immediately at 412 nm 
using 13.6 a s the molar extinction coefficient for thio nitrobenzoate 
anion. The enzyme activity was expressed as jimoles of thiocholine 
r e l eased /min / mg protein. 
GLUTATHIONES-TRANSFERASE (GST): 
GST activit}' was determined by the method of Habig et ai, 
(1974). The reaction mixture in a total volume of 3.0ml for the 
measurement included: 1 mM reduced glutathione, 0.2 M sodium 
phosphate buffer (pH 6.5), 1 mM CDNB (in acetone) and 0.1ml enzyme 
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preparat ion. The enzyme was omitted from the reference cuvette in the 
assay for control activity. The GST activity was defined as the amoun t 
of enzyme tha t catalyzes the formation of l).imol of S-2,4-
d in i t rophenylg lu ta th ione /min /mg protein unde r the conditions of the 
assay. 
SUPEROXIDE DISMUTASE (SOD) : 
SOD activity was measured as the rate of pyrogallol oxidation as 
described by Marklund and Marklund, (1974). A 3.0 ml of total assay 
volume in the cuvette contain: 0.05M Tris- succinate buffer, (pH 8.2) 
containing 1.056mM EDTA, I m g / m l pyrogallol and appropriate 
quanti ty of enzyme samples. Change in OD / m i n was immediately 
recorded for 3min at 420nm and reference set containing DDW 
instead of enzyme sample was run simultaneously. One uni t of an 
enzyme activity was defined as the amoun t of enzyme causing half the 
maximum inhibition of pyrogallol auto-oxidation. 
CATALASE (CAT) : 
CAT activity was determined following the rate of H2O2 (E=40 
cm^/ jumole) d isappearance as mentioned by Bergmeyer et ah, (1974). 
The reaction mixture in the final volume of 3.0ml included: 50mM 
KH2PO4-KOH buffer (pH 7.0) and 10 mM H2O2 (30%). The reaction was 
started by adding the enzyme samples and decrease in absorbance 
was recorded after every 15 sec for 2min. Reference set was run 
without enzyme samples and rate of spontaneous H2O2 decomposition 
was established and subtracted from the assay values. Catalase 
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activity in the sample was calculated and expressed as ).imol/min/mg 
of protein. 
LIPID PEROXIDATION 
The a m o u n t of malonaldialdehyde formed/60min during LPO 
assay was es t imated according to the method of Utley et al, (1967). To 
1.0ml of infected and non infected buffalo t issue samples , 0.67% 2-
thiobarbituric acid (TBARS) in DDW was added, mixture boiled for 10 
min, cooled and was checked for absorbance at 535nm. The values of 
the lipid peroxidation were expressed as nmo l /gm of wet weight. 
REDUCED GLUTATHIONE 
Free sulfhydryl group was estimated by the method of Ellman, 
(1959) as modified by Sedlak Ss Lindsay, (1968). The homogenized 
t issues were deproteinized by TCA (10%) and to the suitable quant i ty 
of supe rna tan t , 2.0ml of Tris buffer containing 0.2M EDTA and 0.1ml 
DTNB was added. The absorbance of the mixture was read within 
5min after the addition of DTNB at 412nm. A calibration curve of 
different concentra t ions of GSH was prepared by the procedure 
described above and values were expressed as \xmol/g wt t issue. 
VITAMIN C 
Vitamin C was estimated by the method of Jagota 85 Dani, 
(1982) us ing Folin-ciocalteu reagent (2.0M concentrat ion diluted 3 fold 
with DDW) and TCA. For estimation of ascorbic acid, t issues were 
homogenized 1:9 (w/v) in ice cold TCA and to a suitable aliquots 0.2ml 
of diluted Folin reagent was added and vigorously shaken. After 10mm 
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absorbance of the blue colour was read at 760nm. A s tandard curve of 
ascorbic acid was prepared to calculate the values. 
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RESULTS 
The results of the present investigation revealed that the ES 
enzymes of the amphistomes parasites show varying degree of activity 
understudy and imbalance between oxidants and antioxidants is 
thought to play an important role in the pathogenesis of chronic stage 
of disease as revealed by the antioxidant status of the infected and 
non infected buffalo tissues. The results of the present study are 
summarized in Table 1 & 2 and Figures 1-11. The whole parasite 
homogenates were also used to determine the endogenous enzj-me 
level which could be compared with the levels of enzymes in the 
excretor}^/secretory products. 
Results presented in Table: 1 and Fig: 1-5 clearly reveal 
variation in the activities of the enzymes in amphistomes. 
Acid and alkaline phosphatases are widely distributed among 
helminths. The preliminary examination of phosphatase activity in 
amphistomes revealed significantly higher levels of acid phosphatases 
in comparison to alkaline phosphatases. Fig: 1 86 2 summarizes the 
results of acid and alkaline phosphatase activity in amphistomes and 
their ES products. The activity of acid phosphatase in G.explanatum 
and G.crumenifer was recorded to be 0.064 and 0.020 f.imol/min/mg 
respectively while 0.066 and 0.013 famol/min/mg enzyme activity was 
present in the ES products of liver and rumen parasites respectively. 
In liver amphistome, somatic as well as ES activities were roughly 
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similar, whereas lower level of activity was recorded in ES products of 
rumen worms. 
The alkaline phospha tase activity in t issue homogenates of the 
two amphi s tomes was quite similar whereas fairly wide variation in 
the ES enzyme level was observed between the two species followmg 
4h of in vitro incubat ion especially in liver amphis tomes . The specific 
activities of the enzyme observed in G.explanatum and G.crumenifer 
were 0.005 and 0.007 | . imol/min/mg protein respectively and activity 
0.032 | amol /min /mg protein was detected in the ES products of 
G.explanatum, which is 6.4 times higher than activity observed in ES 
products in G.crumenifer. 
The activity of other key metabolic enzyme AChE was found 
similar in the liver and rumen amphis tomes while significant 
differences were recorded in the enzyme levels in the ES products of 
the two paras i tes unders tudy (Fig: 3). The level of AChE in the ES 
products of r umen parasi te was almost 5 fold lower. In G.explanatum 
ES AChE specific activity was l l n m o l e s / m i n / m g protein while 
2 n m o l / m i n / m g protein was recorded in G.crumenifer. 
The ability of a parasi te to survive in the hos t h a s been related 
with its capacity to deal with the toxicity of oxygen species generated 
as a resul t of oxygen metabolism. This capacity to a larger extent, is 
judged by the possession of antioxidant enzymes by parasi tes and 
similarly amphis tomes in the present s tudy possess this capacity as 
judged by the presence of antioxidant enzymes in the somatic as well 
209 






([ jmoi/min/mg protein) 
Acetylcholine esterase 
(pmol/min/mg protein) 
GST (pmol /min/mg protein) 
SOD (unit /mg protein) 
Catalase 




























































^ 0.03 • 







Hexp Hcru ' ESexp EScru 
Acid phosphatase act iv i ty 
Fig: 1 Acid phosphatase levels in amphistomes 







Excretory/secretory products of G.explanatum 











n iMM) • 
T 
1 • / ^ • j 1 
^ifi i ;?:?! 
Hexp Hcru ' ESexp EScru 





Fig: 2 Alkaline phosphatase levels in amphistomes 
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Fig: 3 Acetyl Cholinesterase levels in amphistomes 
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as ES fractions of the worms. The resul ts are presented in Table 1 and 
Fig: 4. It is clearly evident from the resul ts tha t ES fraction has alwtiys 
higher specific activity in both the amphis tomes and likewise, the 
activity was always noticed to be comparably high in G.crumenifer. 
The specific activities of SOD in homogenates of G.explanatum 
and G.crumenifer were seen to be 27 and 3 3 U / m g while activities 
recorded in their respective ES products were 133 and 167U/mg, 
GST, a key antioxidant enzyme involved against the oxidative stress, 
displayed higher activity in the total homogenates of the two 
amphis tomes unde r s tudy as compared to the enzyme level in ES 
products (Fig: 5). The specific enzyme activity values for homogenates 
of G.explanatum and G.crumenifer were 1.4 and 0.75 | amol /min /mg 
respectively, and total GST activity in ES produc ts amounted to 0.15 
and 0.095 f imol /min /mg respectively in liver and rume n worms. 
MDA formed from peroxidized poly u n s a t u r a t e d fatty acids 
mainly arachidonic acid is one of the end products of lipid 
peroxidation process and it significantly increased in the infected 
buffalo t i ssues indicating that LPO is significantly increased m 
paramphis tomosis . Results showed tha t (Table 2 85 Fig : 6) in severe 
infection of amphis tomes in liver (35nmol/g) and rumen t issues 
(40nmol/g), LPO expressed as the levels of MDA, and was higher in 
comparison with non infected controls calculated as 30 and 28nmol /g 
respectively for liver and rumen. 
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When other enzymatic (GST, SOD and catalase, Fig: 9,10,11 
respectively) and non enzymatic oxidative s t ress markers (vitamin C 
and reduced glutathione, fig: 7 85 8 respectively) were investigated in 
buffalo infected t i ssues were positively correlated with the decline in 
the levels of ant ioxidants except GSH which showed increased level in 
infected liver. (Table 2 &, Fig: 7-11). 
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Table:2 Comparison of antioxidant s t a tus of infected buffalo t issues 
and controls for the levels of TBARS, Vitamin C, Reduced 






































































Fig:6 TABRS levels in uninfected and infected liver and 
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Fig:7 Vitamin C levels in uninfected and infected liver 
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Acid and alkaline phosphatases also known as 
phosphomonoesterases can hydrolyze various phosphate esters of 
many biological molecules and cytochemically their presence in 
parasites have been detected at sites which were actively engaged in 
metabolic activities (Yamao & Saito, 1952; Wheater 86 Wilson, 1976; 
Kwak 86 Kim, 1996). Many of the trematodes living in habitat where 
simple foodstuffs are readily available for absorption, show high le\el 
of acid phosphatase activity in their tegument and associated tissues. 
The possible function of body wall phosphatases in parasites is known 
to play important functions in absorption, secretion and or excretion. 
The much higher acid activity of phosphatase in liver worms may also 
be due to its higher metabolic rate due to continuous egg production 
as there will be very high demands of energy at the egg producing 
stages for development which requires intensive carbohydrate 
utilization. It is likely that in amphistomes high level of acid 
phosphatases may signifies its principal involvement in uptake of 
nutrients which in turn could facilitate worm growth and meet the 
metabolic requirements. The acid phosphatase activity of liver and 
rumen amphistomes measured in the present study was comparable 
to the activity reported for F.hepatica homogenates (0.013 
|amol/min/mg) and ES products of H.poly gyrus (Probeft 86 Lwin, 1974; 
Martinez-Grueiro, 2002 respectively). 
Alkaline phosphatase is principally involved in active trans-
membrane transport of molecules. The alkaline phosphatase activity 
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in amphis tomes possibly indicate a role in selective resorption of 
sugars from the excretory system (Pantelouris, 1967) similarly 
proposed for alkaline phospha tases in the excretory ducts of 
F.gigantica (Probert et al, 1972). The alkaline phospha ta se activity m 
amphis tomes was comparable to the activity reported by Probert 85 
Lwin, (1974) for F.hepatica (0.0016 | imol /min /mg) . The general 
distr ibution and relative amoun t s of alkaline phospha ta se in the 
t rematodes was shown to be distributed in the parenchyma, excretory 
duc ts and vesicles and possibly indicate their involvement in the 
phosphorylat ion of absorbed subs tances which might ensure their 
retention (Becejac & Kravavica, 1964; Threadgold, 1968 in F.hepatica; 
Probert et al, 1972 in F.gigantica) 
The significant differences in the levels of alkaline phospha tase 
possessed and released by liver amphis tome [0.005 | amol /min /mg 
protein (somatic)/0.032 famol/min/mg protein (ES)] was observed m 
the present study. The activity of enzymes in different paras i tes is not 
always identical but varies considerably possibly due to different 
isozymes (Fine et al, 1963) and same may also be t rue for ES forms. 
The importance of isozyme from genetic, ontogenetic and embryonic 
viewpoints h a s been emphasized by Fine et al, 1963. 
The 6.5 t imes higher level of alkaline phospha ta se in ES 
enz^^me of G.explanatum as compared to somatic levels signifies its 
importance in host-parasi te relationship. Hochachka and Somero, 
(1968) have shown changes in the isozyme pa t te rns to occur upon 
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acclimatization. However, there have been numerous suggestion about 
flame cells having more than just an osmoregulatory function and 
high level of alkaline phosphatase activity in liver parasite may 
possibly be an indication of slight capacity for adaptation to osmotic 
disturbances which is usually encountered in in vitro studies (Siddiqi 
etai, 1975). 
Mayberry & Tibbitts, (1972) found an increased intensity of 
alkaline phosphatases in mature and gravid proglottids of 
Hymenolepis diminuta than in immature ones. The differences in the 
activity of enzyme in the somatic and ES products of liver 
amphistomes may also reflect the metabolic rate of the worms. Both 
acid and alkaline phosphatases in all the parasitic species studied 
showed their major reaction site in the gut, various reproductive 
structures and excretory system. The much higher levels of enzyme m 
excretions and/or secretion of G.explanatum may could possibly a 
reflection of occupying the bile duct where it may be involved in extra-
corporeal breakdown of host secretions or else may be linked to 
prolific egg production (Hanna et al, 1988). 
The alkaline activity in amphistomes may also be 
predominantly present in the tegument surface and much higher 
activity in ES of G.explanatum may be due to its release from the 
bound forms. More than 70% of the alkaline phosphatase activity of 
S.mansoni has been associated with membrane structures. However, 
on the basis of their localization (Haque and Siddiqi, 1982), it may be 
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reasonable to suggest that the enzyme activity in amphis tomes may be 
released from the intestine of the worms. (Martinez-Grueiro, 2002) as 
both acid and alkaline phospha tases in all the parasit ic species 
studied showed their major reaction site in the gut, various 
reproductive s t ruc tu res and excretory system however, both acid and 
alkaline phospha tase activities have different internal distr ibutions in 
parasi tes . In the present study, phospha ta ses in ES products , 
signifies their importance in amphis tome biology which may either be 
lysosomal and or extra lysosomal origin. 
AChE activity in parasi tes is shown to be involved in nervous 
t ransmiss ion and it helps parasi te in neuro muscu la r co-ordination 
whereas non nervous s t ruc tures also exhibited the activity. Generally 
the non nervous s t ruc tures showing AChE activity in parasi tes was 
generally same as in case of non specific es terases except for few 
s t ruc tures where they have been suggested to be associated with the 
t ranspor t or absorpt ion of nut r ients . The distr ibution of AChE 
throughout the nervous system suggests tha t cholinergic components 
are not only of importance in locomotion bu t may also serve sensory 
function as well. It is possible that non specific AChE regulate 
in t raneuronal t ransmiss ion while specific AChE regulates 
t ransmission at the synapse (Hutchinson &> Probert, 1972). 
In the present study amphis tomes share its level of AChE 
activity with at least values reported for acidic range in Fasciola 
(Probert 85 Durrani , 1977) and S.cervi male, female and their ES 
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DISCUSSION 
Analysis of the present results revealed that a wide variety of 
endogenous enzymes are also released during the in vitro incubations 
of amphistomes, possibly a biochemical adaptation in order to 
establish in the microenvironment which is hostile for the survival of 
parasites. 
Phosphatases are important in controlling metabolic processes. 
In numerous parasites, the presence of phosphatases is regarded as a 
marker for sites of secretory activity and nutrient absorption. The two 
amphistomes differed in their levels of acid phosphatase activity 
[0.064(amol/min/mg protein (G.explanatum)/0.020 )amol/min/mg 
protein {G.crumenifer]] whereas no significant change in the level of 
alkaline phosphatases [0.005 fimol/min/mg protein {G.explanatum) 
/0.007 f,imol/min/mg protein (G.crumenifer)) was observed between 
the amphistomes in the present study. 
Acid phosphatase, as a lysosome enzyme marker, provides 
indirect information on intracellular digestive processes. The 
differences in the level of acid phosphatases between amphistomes 
may be due to the physico-chemical nature of the habitat or it may be 
the biochemical adaptation of parasites according to their niche where 
G.explanatum inhabits the nutritionally rich site while G.crumenifer is 
exposed to wide fluctuations in the habitat due to nutritional intake of 
the host. 
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products which showed specific activities 0.0100, 0.0366 and 0.0466 
). imol/min/mg protein respectively (Sharma et al, 1998) and from 
M.expansa which exhibited 0.0162 |umol /min/mg protein of activity 
(Gunn & Probert, 1981). However Nizami et al, (1977) reported very 
high values of these enzymes in G.crumenifer and G.explanatum and 
also in their ES products . Such differences in the level of activity in 
worms and their ES samples may be due to different methods used to 
analyze the activity and also the results were expressed on the wet 
weight basis or else could be due to the instability of ES AChE 
enzymes since the enzymes when subjected to physical techniques 
especially centrifugation and filtration can resul t in loss of activity but 
better enzyme preparat ion is obtained (Griffiths St Pritchard, 1994). 
During homogenization amphilic AChEs form complexes with laminin 
through s t rong electrostatic interactions (Johnson & Moore, 2003) and 
certain cell components mediate the formation of complexes of AChEs 
with acetylcholine receptors (Wallace et al, 1985). Moczon & 
Swietlikowska, (2005) exhibited maximum a m o u n t (94%) of AChE in 
H.diminuta in low salt extract ( l . l nmo l /min / | ag protein), 5.5% in the 
detergent soluble extract (0.07nmol/min/ |ag) and 0.5% 
(0.006nmol/min/ | ig) in the high salt extract and similar may also be 
true for amphis tomes in which low enzyme activity was recorded. 
The difference in the level of the secreted AChE from the liver 
and rumen amphis tomes could be a reflection of occupying a different 
microhabitat since the liver amphis tomes are more firmly at tached 
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and a t issue plug is formed at the site of a t t achment , therefore, it is 
likely tha t these worms require more AChE to act as a biochemical 
holdfast as suggested earlier by Ogilvie et al, (1973). The amoun t of 
AChE was reported to vary from species to species, from stage to 
stage, and in between the sexes of nematodes and variation in the 
amoun t of AChE was found to be responsible for sex-specific, stage 
and strain specific behaviours of the nematodes (Sanderson 86 Ogilvie, 
1971; Sanderson, 1972; Ogilvie et al, 1973; Rothwell et al, 1973; 
Pritchard et al, 1991; Ros-Moreno et al, 2002). 
AChE enzymes in situ occur as both partially soluble and 
membrane bound forms and their low activity in excret ion/secret ion 
as compared to other parasi tes may be a conservation strategy of the 
worms particularly of rumen flukes. The conservation of AChE 
secretion among parasitic helminths is indicative of an important role 
in the hos t parasi te relationship. Lee, (1996) proposed that the 
secretory AChEs from parasitic nematodes may have an impor tant 
role in modulat ion of the host 's inflammatory a n d / o r immune 
response. The secretory AChE from S.cervi h a s been reported to be 
utilized for diagnosis of early filarial infections (Sharma et al, 1998). 
With regard to AChE it was noticed tha t the levels released into ES 
changed dur ing the development of the H.polygyrus, showing 
maximum production between days 4 and 7 post infection, while the 
adult parasi te produces comparatively little enzyme (Lawrence &, 
Pritchard, 1993). 
231 
Funct ions other than neuromuscular have been proposed for 
AChE enzyme in parasi tes . More recently it h a s been hypothesized 
that AChE may contr ibute to parasite survival by interfering with the 
process of m u c u s secretion from intestinal goblet cells, might reduce 
inflammation and local ulceration by hydrolyzing acetylcholine which 
can s t imulate gastric acid secretion, chloride secretion, m u c u s 
secretion, Pane th cell exocytosis, events associated with expulsion of 
pathogens (Philipp, 1984; Kennedy & Harnett , 2001). Further , it ha s 
been proposed tha t AChE may be capable of regulating the host 
immune and inflammatory responses through messenger and 
membrane-receptor modulation (Rhoads, 1984). Studies on hydatid 
cyst wall of E.granulosus showed their involvement in permeability 
control and osmoregulation (Schwabe, 1959; Schwabe et al, 1961) 
however, Arme, (1966) suggested an involvement with lipid excretion 
in Lingula intestinalis. In the light of the proposed significance of 
AChE in other paras i tes further studies involving their measurement 
in different s tages of the life cycle, zymogram pa t te rns and 
histochemical localization in amphis tomes and presence in 
excret ions/secret ions may prove worthy from the host-parasi te point 
of view and associated pathology. 
SOD removes the superoxide radical produced by the aerobic 
metabolism and is present in all aerobic and in some anaerobes 
(Rhoads, 1983). SOD in helminths may well protect the worms from 
the toxic effects of superoxide radicals (Klebanoff et al, 1983). A 
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correlation between parasite antioxidant enzyme levels and resistance 
to killing by hos t oxidants has been suggested for many parasi tes 
(Murray, 1984; Docampo & Moreno, 1984 a 8s b; Callahan et al, 1988; 
Gleich & Adolphson, 1986). 
The SOD activity in two amphis tomes species was very similar 
to activity levels published for several t rematodes bu t they were 
superior to the levels reported for cestodes. Amphistomes showed 
comparable levels of activity reported for F.hepatica, 2 7 U / m g (Piecenza 
et al, 1998) and male, female and microfilarial homogenates of 
B.malayi, 2 7 . 1 , 34.5 & 26 .7U/mg respectively (Ou et al, 1995); 
O.ceruicalis, 5 8 U / m g (Callahan et al, 1990). The distinctly high 
activity of SOD in amphis tomes may be due to the fact tha t in these 
worms SOD might be the predominant enzyme which eliminates the 
superoxide radical (O2"), which is supported by the resul ts of the 
present work a s very low catalase (0.001|amol/min/mg) activity was 
detected when compared with other helminths (Callahan et al, 1988). 
The toxic effects of superoxide radical may be therefore, catalyzed by 
this scavenger enzyme (SOD) as soon it is produced by the 
amphis tomes also reported in the inflamed t i ssues (Halliwell, 1978). 
Although flukes have an anaerobic metabolism, oxygen is still 
required for the functions, such as , egg production, which also have 
potential reactive oxygen species generation (Tielens, 1994). 
Helminth paras i tes are long lived pathogens which do not have 
the ability to undergo antigenic variation and there persistence owes 
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much to down regulation and neutralization of immune effector 
functions (Maizels et al, 1993). SODs have been detected 
enzymatically in many helminths in both somatic and t issue culture 
fluids (Callahan et al, 1988). A very high level of SOD activity was 
observed in the present s tudy in amphis tomes ES products . The 
higher a m o u n t of enzyme in ES products implies their significance in 
host parasi te relationship. The cont inuous turnover of SOD activity m 
amphis tomes might perform one or both of the two functions: bulk 
scavenging of superoxide (O2') or an anti inflammatory activity. Ben-
Smith et al, (2002) suggested that host derived free radicals can 
damage adul t H.polygnis worms and female worms can increase 
production of their scavenging enzymes (SOD 85 catalase) in response 
to the i m m u n e onslaught that eventually leads to worm expulsion in 
mice. 
The differences in excretory/secretory SOD level between 
amphis tomes [133U/mg (G.explanatum) 85 167U/mg {G.crumenifer)] 
may be a potential factor in the promotion of parasi te persistence as 
in r umen partial reduction of oxygen to water during microbial 
respiration gives rise to several reactive oxygen intermediates , such as 
superoxide radicals, H2O2 and hydroxyl radicals (Fridovich, 1978) and 
therefore, m u c h higher SOD activity in G-crumenifermay be due to the 
adaptat ion to changing characteristic micro environmental conditions. 
The high levels of SOD and virtually negligible catalase activity in 
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amphis tomes as in other t rematodes indicate tha t this system could 
be explored for therapeut ic control measures . 
GSTs are multifunctional proteins widely distr ibuted in animal 
kingdom and are involved in the protection of cells against variety of 
endo and exogenously derived compounds including drug 
detoxification. In nematode parasi tes drug resis tance has been 
correlated with increased cytosolic GST activity. Initial observation of 
GST activity in amphis tomes were similar to reported by O'Leary and 
Tracy, (1988) for male &, female S.mansoni, and Rao et al, (2000) for 
different s tages of B.Tnalayi. In amphis tomes GST activity was 
significantly higher, i.e. 31-21 }amol/min/g as compared to 2-5 
) imol /min/g for A.suum and M.expansa (Douch & Buchanan , 1978). 
The higher levels of GST in digeneans may reflect the respective 
biological environment in terms of either the magni tude or variety of 
external toxins encountered or the quant i ty or quality of the immune 
at tack experienced. Although, it is p remature to a s sess the biological 
significance to the higher activity of GSTs in amphis tomes b u t it may 
be an indication in te rms of xenobiotics metabolism (DME) which may 
have induced the worms to produce enzyme for protection. 
Conjugation with GSH is a pathway of xenobiotic metabolism in 
S.mansoni, and suggests that such metabolism may affect the 
therapeutic outcome of some drug- parasi te interactions. It ha s been 
suggested (Smith et a/., 1986) that S.japonicum GST may be involved 
in preventing haemat in from forming large crystals tha t could block 
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the paras i te gut whether such a phenomenon occurs in amphis tomes 
certainly requires further s tudies. 
GSTs provide a second line of defense against oxidative at tack 
via conjugation of electrophiles to GSH and reduction of lipid 
hydroperoxides. Exposure to adult S.Tnansoni to glutathione depleting 
agents renders them susceptible to killing by H2O2, lending support to 
the concept of a protective role for GST. In amphis tomes high 
concentrat ion of linoleic fatty acid h a s been observed (see chapter 4). 
This fatty acid (FA) appears to be the precursors of 4-hydroxynon-2-
enal, an impor tant secondary LPO product . The high levels of GST 
activity in amphis tomes may detoxify this u n s a t u r a t e d FA as well as 
other derivatives of LPO by passively binding and therefore, protect 
the worms from damage to occur. 
The relatively low ES GST activity observed in the present study 
in comparison to somatic counterpar t in amphis tomes could also be 
due to the ligand binding to the enzyme and inhibiting activity. 
Intracellular he lminths GST have been shown to bind tightly to a 
range of hydrophobic ligands such as haemat in to fatty acids and this 
binding subsequent ly inhibits enzyme activity (Brophy et ah, 1989). 
The excreted enzyme could also be conjugated with the toxins as a 
molecular dispatch mechanism or part of a protective defense strategy 
(Brophy et al, 1995 a 85 b). However, GSTs are mul t isubst ra te 
enzymes and ES GSTs could have natural ly low activity with the GST 
model subs t ra te CDNB, as na tura l subs t ra te for helminth GST may 
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possibly be the cytotoxic products of lipid peroxidation. However, 
mammal ian GST, especially alpha family members can reduce 
hydroperoxides via glutathione peroxidase while the other families can 
conjugate 4-hydroxyalkenals, the major reactive carbonyl species (Alin 
et al, 1985). Similarly cestode and F.hepatica GST can conjugate 
alka-2,4-dienals and alk-2-enals both of which are minor reactive 
carbonyl secondary products of LPO (Brophy 85 Barrett , 1990). Infact, 
ES GST could function as anti inflammatories in mucosal t i ssues by 
neutralizing only specific LPO derived products . Besides, this 
distribution of GSTs in different t i ssues is not uniform and even 
certain forms tha t are absent in one organ may be present as major 
components in another t issue which might have reflected in their low 
release in amphis tomes . Further immunohis tochemical s tudies reveal 
that GSTs in worms are predominantly associated with metabolic and 
reproductive sites of the organisms (Rao et al, 2000) and m u c h 
difference in the level of GST activity between amphis tomes may also 
be their reflection of being associated with reproductive t i ssues which 
goes seasonal variation (Hanna et al, 1988). 
Thus from the resul ts of the present s tudy it is clearly evident 
that GST and SOD in amphis tomes may principally be involved in the 
protection against the free radicals encountered in the parasi tes as 
well as near the host parasi te interface however, the presence of other 
antioxidants enzymes like glutathione peroxidase, peroxiredoxins in 
amphis tomes should also be worthy of investigation. 
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It was previously reported that in parasitic diseases, there is 
complex and dynamic physiological relationship between the parasite 
and the antioxidant defense components of the host. The host parasite 
interphase (HPI) in amphistome infections have been studied and 
investigated by many authors. Paramphistomosis is a febrile disease 
that is characterized by hepatic bile duct hyperplasia and 
inflammation of the rumen mucosa. It is obvious that attachment of 
the worms to the epithelia may recruit various inflammatory cells 
around the site of infection and therefore, inflammatory conditions 
would increase the production of reactive oxygen species at the 
attachment site. 
The results of the present study clearly indicate that the 
infection of amphistomes is accompanied by changes in the 
antioxidant abilities of tissues thereby altering the defense mechanism 
which may be at least in part responsible for the pathology associated 
with the disease. It is manifested by decrease in activity of main 
antioxidant enzymes such as SOD, catalase and GST and reduction in 
content of non enzymatic anti oxidant, vitamin C. The imbalance 
between the production of reactive oxygen species due to infection and 
reduced availability of antioxidant molecules may result in increase 
oxidative stress in buffaloes. 
The determination of LPO status is among the most widely used 
methods for the determination of the oxidative stress. Increased MDA 
concentration is marker of LPO which is non enzymatic reaction, 
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based on oxidation of mainly unsa tu ra t ed fatty acid present in the cell 
membrane tha t are converted to water soluble products and other 
intermediates, which can disrupt the integrity of membrane . MDA 
concentration in the present study, were significantly increased in the 
infected buffalo t i ssues compared to the healthy buffaloes. Increased 
levels of oxidative s t ress due to schistosomiasis cause the similar 
effect in mice and F.hepatica in rat model (Kolodziejczyk et ai, 2005; 
Rizk et ai, 2006). A positive correlation between collagen deposition 
during schistosomiasis and production of MDA by hepatic cells has 
been observed by Parola et al, (1996). 
Ascorbic acid is an important ant ioxidant of p lasma and in the 
aqueous phase of the cells it h a s dual effect: a t low concentrat ion it 
promotes LPO and at higher concentration it act as antioxidant and is 
also an anti s t ress factor. The present s tudy revealed reduction of 
vitamin C levels in infected t issues as compared to controls. This 
decline in vitamin C levels in buffalo liver and rume n was comparable 
to mice liver where decline in vitamin C was observed following 
S.mansoni infections (Rizk et al, 2006). The most d iscussed functions 
of vitamin C is its involvement in collagen synthesis . Lynn and 
Isseroff, (1983) demonstrated higher content of collagen in bile duct 
dur ing chronic fascioiiasis. Synthesis of collagen is also dependent on 
the supply of vitamin C. The reduced levels of vitamin C in infected 
t issues may also be due to its increased utilization as plasma 
antioxidants. 
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Glutathione (GSH) is the most a b u n d a n t non-thiol protein m 
mammal ian cells. It prevents p lasma membrane from lipid per 
oxidation, scavenge superoxide radical and prevent SOD formation. 
The increased levels of GSH in infected t i ssues may be the only 
effective strategy to combat the infections as all other antioxidant 
markers were found to decrease as a resul t of infection. The 
biosynthetic capabilities for vitamin C are believed to be sufficient for 
physiological requirement . Nonetheless, ruminan t s can be susceptible 
to vitamin C deficiency because of the rapid dysfunction of vitamin by 
ruminal micriflora which can lead to decreased ability of the body to 
fight infections. Thus , increased levels of GSH may help fight the 
infections by being more expressed. 
It h a s been shown that the infection with F.hepatica is 
accompanied by rising levels of the superoxide radicals (Abo-Shousha 
et al, 1999) released from the mitochondria (Georgellis 85 Rydstrom, 
1988). Such release also took place during the inflammatory response 
of the hos t to the parasi tes (Dawes, 1963; Thorpe 1965; Kolodziejczyk, 
1994, 1996). The decrease of SOD activity may lead to the 
accumulat ion of superoxide radical which may act a s precursors of 
other reactive oxygen species including hydroxyl radical. The 
formation of hydroxyl radical is catalyzed by Fe++ and elevated p lasma 
concentrat ion of Fe++ have been reported during chronic fascioliasis 
(Symonds et al, 1983). The free radical overload may damage the 
properties of proteins and result in loss of activity. The highly 
240 
significant reduct ion of catalase and GST activity is in agreement to 
s tudies carried out by Gharib et al, (1999). The impairment in the 
defense system so as to infection may lead to oxidative s t ress due to 
imbalance of ant ioxidant enzymes favoring the increased content of 
reactive oxygen species which may also induce apoptosis. The 
increased levels of LPO products generated dur ing oxidative s t ress 
were involved in the signaling mechanism of H2O2 induced apoptosis. 
Similarly, decrease in the SOD activity as a resul t of H2O2 production 
has been indicated by Pinteaux et al, (2000). However, Shaheen et al, 
(1994) reported increased SOD in mice infected with S.mansoni and 
Hanna et al, (2005) added that eosinophils peroxidase and its 
subs t ra te H2O2 are released by inflammatory cells in the immediate 
vicinity of paras i te eggs. 
Thus from the present s tudy it could be concluded that 
amphis tomes in vitro release wide variety of enzymes including anti 
oxidant enzymes which may be important component of the defense 
mechan ism employed by worms during infection and amphis tome 
infection may have considerable immunopathological significance 
which would potentially lead to certain physiological/metabolic 
disorder in the buffalo host. 
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INTRODUCTION 
Great interest has been focused on parasite lipids in connection 
with their various functions in parasite physiology. Besides being the 
chief components of cellular and organelle membrane, parasite lipids 
are also important for growth, energy source, defense mechanism and 
regulation of membrane fluidity. Lipids also play an important role in 
the establishment of resistance to reinfection in helminths (Dean & 
Mangold, 1984) and have a role in host recognition, immune response 
modulation and development. Acetone and ether extracts of mature 
S.mansoni female has been shown to have developmental role where 
they participate in the growth and reproductive morphogenesis in 
worms (Shaw et ai, 1977). Further, the tremendous elaboration of the 
reproductive organs associated with increased gamete production in 
parasites highlights the biochemical demands of lipids in order to 
incorporate into eggs as adult trematodes store lipids and transfer 
them to the forming eggs. 
Parasites can be considered as being solely adapted for 
reproduction. Majority of helminths have enormous fecundity, for e.g. 
Fasciolopsis buski produces 25,000eggs/day. It has been reported that 
every day a single female of Schistosoma mansoni produces eggs 
almost equals to its body weight (Becker, 1977). Similarly the 
reproductive potential of a single liver fluke, F.hepatica is 400 million 
off spring in its life time and adult trematodes can release up to 
20,000 eggs/day highlighting the fundamental significance of lipids in 
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parasite physiology and biochemistry. Further , in digeneans asexual 
reproduction or par thenogenes is at different stages of the life cycle 
reflects an increased demand for biochemical const i tuents especially 
lipids for cellular differentiation and morphogenesis for the 
development of new s t ruc tures which can be transferred to the 
developing embryonic spheres for utilization by some subsequent 
stages of the life cycle. 
The t i ssues of the parasi tes contain subs tant ia l a m o u n t s of 
lipids, the bulk of which are phospholipids, triacylglycerols and 
sterols. Free fatty acid (FFA) components of the parasi tes have been 
identified a s hemolytic factor and requirement of fatty acids (FA) and 
sterol es ters for the growth and development is well established in 
parasi tes . Invading organisms al though able to adapt themselves 
successfully are by no means self sufficient in terms of biosynthetic 
pathways part icularly in case of lipid metabolism. Parasi tes rely on 
t ranspor t system for the up take of lipids freely available from the host. 
Although t rematodes are not capable of de novo synthesis of sterols 
and FA nor desa tura t ion of FA but has retained the capability to 
modify FA by chain elongation. (Meyer et ah, 1970), result ing in a FA 
profile tha t is clearly distinct from tha t of the host reflecting parasi te 
lipids as novel ant i -parasi te drug targets (Allan et al., 1987), al though, 
they are capable of forming complex lipids like PL and triacylglycerol 
(TG) from precursors obtained from the host (Young 85-Podesta, 1982). 
The presence of veiy uncommon 5-octadecenoic acid (C18:1(5)) in 
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tegumental membrane PL fraction of Schistosoma nearly absent from 
the worm body and from the blood of the host on which it feeds, 
reflect such modification (Brouwers et al, 1998b) which could be 
immensely important for control measures moreover, because of the 
parasite's lipid requirements, mechanism(s) of lipid acquisition 
represent a potentially important vaccine candidate or drug target 
(Furlong et al, 1995). 
Lipids as an alternative source of energy probably does not 
occur in trematodes and thus the lipids absorbed from the host could 
be mainly utilized as constituents of parasite membrane. Among the 
various lipids, phospholipids (PLs) are the major component of the 
surface membrane of parasites. They have been shown to comprise 
1/3'"'^  of the lipids by weight of S.mansoni (Rumjanek 85 McLaren, 
1981). The various classes of lipids such as FA, phospholipids (PL) 
and sterols are important constituents of the membranes. In parasites 
there is constant synthesis and degradation of membrane proteins 
and rapid turnover of membrane lipids. Since there is rapid turnover 
of surface components, lipids are in continuous demands and also 
they constitute the majority of the ES products in parasites. Lipids 
emitted from the trematodes especially lipophilic factors and free 
sterols particularly cholesterol, are shown to be important for chemo 
attraction which in vivo probably contribute to worm pairing and 
clustering behaviour in parasites (Fried et al, 1980). 
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The parasite lipids in association with sugars such as 
glycolipids results in the inhibition of certain host inflammatory 
pathways. Glycolipids also function as primary elements involved in 
intracellular communication. S.japonicum very low density lipoprotein 
prominently expressed in the tegument has been suggested to play 
key role in lipid acquisition by parasite (Fan et al, 2003) and strong 
evidence indicate that incorporation of host lipids help in immune 
protection (Furlong etal, 1992, 1995). 
The relationship between the host and parasite is a delicate one 
since one modifies the activities and functions of the other. The 
outcome of the host parasite interaction depends on the pathogenicity 
and the relative degree of resistance or susceptibility of the host. 
Survival of parasites in their natural host is bound up with their 
ability to evade the responses that their presence evokes which may 
be achieved using a variety of mechanisms. Recent evidence has 
suggested that parasite evasion of host immunity may be provided by 
understanding its lipid biochemistry. Recent advances in parasite lipid 
biochemistry suggest that characteristic schistosome specific lipids 
can affect the innate immune system of the human host and can be 
utilized in treating the human disease like asthma and diabetes. It 
has been found that S.mansoni lipids significantly suppress the 
activity of the human immune system chronically infected with these 
worms. The lipids from Schistosoma steer the development of the 
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immune system (dendritic cells) in direction so tha t a type of immune 
response is developed which can combat the pathogen could be 
bacteria, bu t equally virus or a parasi te . It h a s been suggested that 
diseases like a s t h m a and diabetes which are caused by the 
development of an inappropriate i m m u n e response could be 
suppressed by us ing Schistosoma lipids containing fatty acid (FA) that 
does not occur in h u m a n s (van der Kleij 86 Yazdanbakhsh , 2003). 
Despite the fundamental importance of lipids among the 
helminths , s tudies on lipid metabolism have been restricted to a 
limited n u m b e r of parasi tes . Although, the amphis tomes are quite 
important from epidemiological and pathophysiological point of view, 
they have escaped the attention of parasitologists. Existence of an 
u n u s u a l FA in paras i tes absent in host could present an opportunity 
to develop control strategies by exploiting the metabolic differences in 
FA synthesis tha t exist between parasi te and its mammal ian host. Till 
date lipids and their metabolism has remained neglected aspect of 
parasite metabol ism and in part icular of amphis tomes . The ES 
products which also comprise the surface lipids are critical targets for 
effective i m m u n e evasion therefore their release may also affect the 
equilibrium of the host parasi te relationship. Therefore, an a t tempt 
has been made here to investigate the lipid and fatty acid profile of the 
ES products of amphis tomes so as to identify the idiosyncracies which 
could be exploited for control measures . 
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REVIEW OF LITERATURE 
A survey of the previous literature reveal that only few species 
of helminth parasi tes particularly Schistosomes, Fasciola spp. and 
Hymenolepis spp. have been examined in detailed for the various 
aspects of lipid metabolism while others have still remained neglected. 
Various aspec ts of lipid metabolism in Schistosomes, Fasciola spp. 
and Hymenolepis spp. were studied by many workers as revealed from 
a n u m b e r of exhaustive reviews available on the parasi te biochemistry 
and physiology (von Brand, 1952,1966, 1973, 1979; Smyth, 1966, 
1969; Chappell , 1980; Barrett , 1981; Cox 1982; Smyth and Halton, 
1983; Arme and Pappas , 1983). 
Studies on the lipid metabolism in the parasi tes are mainly 
centered towards the fatty acid composition of the different lipid 
classes isolated from the whole parasite and their host . It h a s been 
demonst ra ted tha t parasi tes in general contain the same lipid classes 
as their host bu t the fatty acyl composition differ between classes as 
well as between host and parasi te (Smith et at, 1969, 1977; Meyer et 
al, 1966, 1970; Fripp et al, 1976; Allan et al, 1987; Rogers and 
McLaren, 1987). 
Smith et al, (1969) presented the fatty acyl composition of 
triglyceride and phospholipids fraction of the total lipid extracts of the 
adult S.mansoni worms and revealed the detection of longest chain 
length, C24, fatty acid ever observed in any of the parasit ic helminths 
investigated tha t time and suggested the probability of pathways for 
270 
FA interconversions in S.mansoni. However, Carballeira et al, (2003) 
found 41 different fatty acids in extracts of the adul t F.hepatica fluke 
with three most a b u n d a n t fatty acids identified being 16:0, 18:1 (n-9) 
and 18:0 bu t the presence of as long as C30:0 FA h a s been 
demonst ra ted in whole worm extracts of the wormiS. While Moss, 
(1970) observed tha t lipids in F.hepatica appear s to be made up of 
carbon chain lengths of C8-C18 acids. Fatty acids with chain length 
ranging from C-12 a toms to C-22 a toms have been detected in 
flatworms (Oldenborg et al, 1975 and Vykhrestyuk and Yarygina, 
1982) and IOC a toms through 20C a toms in the total lipid extract of 
Foleyella fagbamae (Aisien et al, 1986). 
In general paras i tes exhibit a similar range of fatty acids but 
sometimes difference in the major FA h a s been demonst ra ted . In the 
various species of flatworms, fatty acid containing 16 carbon and 18 
carbon a toms were the most a b u n d a n t (Oldenborg et al, 1975 and 
Vykhrestyuk and Yarygina, 1982). Ueda and Sawada, (1968) similarly 
reported predominance of palmitic and stearic acid in Clonorchis 
sinensis, S.japocicun, P.westermani and N.americanus. The FA 
composition of neut ra l lipids from female acan thocepha lan paras i tes 
Moniliformis dubius and Macracanthorhynchus hirudinaceus (Beams 86 
Fischer, 1964) and the fatty acid composition of total lipids of 
Spirometra mansonoides spa rganum larvae (Meyer et al, 1966) were 
also reported to be high in C16 and C18 acids. 
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Aisien et al, (1986) reported predominance of 18 carbon atom 
fatty acids in Foleyella faghamae. Ezigbo and Onyeneke, (1987) 
similarly pointed out the high level of sa tura t ion, (54%) of the total 
fatty acid due to C16, palmitic acid in F.gigantica. 
Besides, monounsa tu ra ted oleic acid (18:1) is generally the 
main C18 acid reported in most parasit ic he lmin ths (Barrett, 1981) 
however, in F.hepatica stearic (18:0) acid was the predominant C18 
acid. In both H.diminuta and H.citelli carbon 16 acids const i tuted 
about 13% of the total fatty acids while 18 carbon acids made more 
than 75 % of the total fatty acids and no fatty acids greater than chain 
length 20 carbon were detected. The major fatty acid of these worms 
were myristic (14:0), palmitoleic {16:1 (n-7) }, palmitic (16:0), y-
linolenic { 18:3 (n-6) }, linoleic { 18:2 (n-6) }, oleic { 18:1 (n-9) }, stearic 
(18:0), eicosapentaenoic { 20:5 (n-6) / 2 0 : 5 (n-3) }, arachidonic { 20:4 
(n-6) }, arachidic (20:0) (Harrington, 1965). 
Besides, general composition of fatty acids. Mills et al, (1981) 
reported variation in the fatty acid distr ibution in each lipid class of 
developing metacestodes of Taenia taeniaeformis from 3 to 35 weeks 
post infection. Further , high a m o u n t of C22 u n s a t u r a t e d fatty acid 
especially eicosaenoic acid was found to be characteris t ic at all s tages 
of the life cycle of Schistosoma species (Meyer et al, 1970; Allan et al, 
1987) and Fripp et al, (1976) reported the relatively large amoun t s of 
20:4, 20:3 , 20:2, and 22:4 fatty acids bu t no 20:1 in Schistosomes. 
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In parasit ic helminths , the same lipid class from different 
t i ssues of the same parasi te even shows variation. Brouwers et ah, 
(1998a) found large differences between the composition of the two 
main phospholipids fraction of Schistosomes, phosphatidylcholine and 
phosphat idylethanolamine of the tegumental membrane and the 
membranes of the worm body. Significant differences were even found 
in Schistosoma s tages isolated from the different organs of the same 
species and same obtained from the different hosts (Rogers 85 
McLaren, 1987). Similarly, ovarian TG, fatty acid composition differs 
from the TG, fatty acid composition of body wall of Ascaris 
lumbricoides (Tarr 8& Fairbairn, 1973). 
Many s tudies on the fatty acids emphasize on defining the host 
parasi te fatty acid composition in order to exploit major differences in 
the overall fatty acid composition of paras i tes and their hosts . 
Differences between the metabolism of paras i tes and their hos ts are 
potential sites for chemotherapy. Parasi tes F.hepatica, S.mansoni, 
T. spiralis, D.immitis, D.vitae, L.carinii and H.medioplexus have been 
suggested to selectively absorb lipids from their hos ts a s the lipid 
content of them differs from that of their hos t and t h u s it seems tha t 
lipid up take in these parasi tes is therefore subjected to some form of 
regulatory mechan isms . Similarly, S.mansoni and F.hepatica fatty acid 
pool exhibited no correlation with host blood and liver lipid fatty acids 
respectively (Barrett, 1981). A study performed on the fatty acid 
composition of the total lipid extracts of Eurytrema pacreaticum and 
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Calicophoron erschowi similarly reflected the unidentical fatty acid 
composition to the host t i ssues (Vykhrestyuk and Yarygina, 1982). 
Phosphatidylcholine and phosphat idylethanolamine molecular species 
from S.mansoni have been shown to contain considerable amoun t s of 
(20:1-16:0) diacyl PC and (16:0-20:1) plasmalogen PE, absen t from the 
blood of the host (Brouwers et ah, 1998a). Allan et al, (1987) 
demonst ra ted fatty acid composition of the phospholipids class 
isolated from membranes of S.mansoni and reported high content of 
eicosaenoic acid (20:1), rarely found in mammals . Brouwers et al, 
(1998b) found u n u s u a l 5-octadecenoic acid { CI8 :1 (5) } in the outer 
membrane complex of Schistosoma absen t from the blood of the host. 
However nutri t ional dependence of four commonly available 
amphis tome species Carmyerius minutus, Ceylenocotyle 
dicranocoelium, Cotylophorum cotylophorum and Param.phistom.un 
microbothrium, for FA on their host has been demonst ra ted by 
Awharitoma et al, (1988) al though, a high correlation between the TG 
composition and host dietary lipids was particularly marked in 
cestodes (Barrett, 1981). 
Elaborative reports about the lipid metabolism in vast majority 
of paras i tes are ra ther limited and are mainly directed towards the 
qualitative and quantitative estimation of the total lipid content of the 
whole worm extract or their excretory/secretory products . Studies 
performed on the helminth parasi te lipid content in a non nutrient 
salt solution demonstra ted a link of lipid metabolism with 
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carbohydrate metabolism. Von Brand and Weinland, (1924), Weinland 
and von brand, (1926) and von brand, (1933) reported an overall 
increase in the fatty acid content after starvation in F.hepatica and 
M.expansa due to the end products of carbohydrate metabolism 
although, the total fat content of the two parasites remained constant 
throughout the experimental period Similar type of reports have been 
presented for other parasites too (Weinland, 1901; Schulte, 1917; 
Weinland and von Brand, 1926; Muller, 1929; von Brand, 1933, 1934, 
1941). VonBrand and Weinland, (1924) observed fat droplets in the 
excretory system of F.hepatica and later it has been confirmed that 
higher fatty acids are excreted as a result of utilization of 
carbohydrates (Weinland and von Brand, 1926). Further Stephenson, 
(1947) also reported similar results and suggested that such excretion 
could be due to the parasitic adaptations because some lipids like, 
cholesterol could not be synthesized de novo and might be utilized in 
chain lengthening and the excess amount was eliminated from the 
parasite. The comprehensive reviews on the lipid metabolism of 
parasites (Smyth, 1966; Barrett, 1981; Cox, 1982; Symth and Halton, 
1983; McManus, 1986) similarly pointed out that vast majority of 
endoparasites appear incapable of synthesizing long chain fatty acids 
and sterols de novo and their ability is only limited to a chain 
lengthening process and these organisms cannot introduce double 
bonds into the carbon skeleton of fatty acids 
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Lipid metabol ism in some parasi tes was studied by means of 
histochemistry. Histochemicallly neutral lipid droplets has been 
observed in the excretory system of the encysted metacercanae of 
E.revolutum (Butler & Fried, 1977), in the intestinal lumen, eggs, 
vitellaria of adu l t s and the excretory system of meatcercariae of 
Cotylurus spp. (Fried and Butler, 1977). The newly excysted juvenile of 
F.hepatica contain lipid droplets in their excretory system (Bennett 
and Threadgold, 1973), F.hepatica adul t s maintained in vitro also 
accumula te lipids in the excretory system and emit fats via the 
excretory pore (Burren et ah, 1967) and also E.revolutum 
accumulat ion of lipid h a s been shown within the excretory system 
(Fried and Morrone, 1970; Fried and Appel, 1977; Butler and Fried, 
1977). However, L.constantiae metacercariae mainta ined in vitro 
accumula tes fats in the intestinal ceacea and emit fats via the mouth 
and show neut ra l lipid negative staining in the excretory system 
(Harris and Cheng, 1973; Fried and Shapiro, 1975). Von Brand, 
(1973) ment ioned tha t the presence of lipids in an incubation medium 
does not necessarily indicate their release from the excretory system, 
since lipids can be released from any of the tegument, mouth or 
gonopore. In S.mansoni (Fried et al, 1981, 1983) no part icular system 
has been associated with the release of lipids (Haseeb et al, 1984). 
S.mansoni female accumula te neut ra l lipid mainly in the parenchyma 
and release them from the dorsal tegument (Haseeb et al, 1984, 
1985). S.mansoni males release lipid from the tuberculate and 
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nontubercu la te dorsal tegument (Haseeb et al, 1985). Unlike, 
S.mansoni and S.japonicum, male, release neut ra l lipid from both 
dorsal and ventral t eguments . Lipid droplets released from the ventral 
tegument of the males were seen in the gynecophoric canal. Haseeb et 
al, (1984) reported acidic lipid release into the intestinal ceacea of 
S.mansoni while S.japonicum females release neutra l lipids into ihe 
intestinal ceacea only when paired with males. 
Neutral lipid accumulat ion and release in S.mansoni adult 
males, female and worm pairs, was moreover, affected by the sex of 
the worms (Fried et al, 1983; Haseeb and Eveland, 1986) and in 
addition presence of other worm influences lipid accumulat ion and 
release (Haseeb et al, 1985, 1986; Haseeb and Eveland, 1986). 
Haseeb et al, (1985) detected FFA and free sterols as major fraction of 
schistosome separa ted worms al though, t races of triacylglycerols (TG) 
and sterol es ters were also detected. However, females incubated in 
groups released more FFA than incubated singly. Male incubated 
singly release more sterols while female release more free sterols than 
male (loc. cit.). 
Neutral lipid accumulat ion and release have been reported in 
various monoeicious t rematodes (Burren, et al, 1967; Harris and 
Cheng, 1973; Fried and Shapiro, 1975; Fried et al, 1980; Fried 86 
Robinson, 1981) and S. haematobium adul ts . Both polar and neutral 
lipid secretions have also been reported in number s of trematodes 
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including F.hepatica, Paramphistomum microbothrium (Burren et al, 
1967; Hrzerjak and Ehrlicli, 1975; Fried and Appel, 1977). 
Lipid metabol ism in parasi tes has several unique features and 
the content , distr ibution and requirement of lipids and the synthetic 
capabilities for these subs tances show considerable variation between 
different paras i te species. Lipid fractions like cholesterol esters, 
triacylglycerols, free fatty acids, free cholesterol, phospholipids as well 
as total lipids measured exhibited significant differences between 
parasi tes . 
Fried et al, (1981, 1983) demonstra ted tha t the major neutral 
lipid component of the adult S.mansoni ES products were cholesterol 
and neutra l lipids also detected in excret ions/secret ions of separated 
females. E.revolutum adul ts mainly emit free sterols into the 
incubation medium while excysted metacercariae emits FFA (Butler 
and Fried, 1977). The trematode protenephridial system also contains 
much lipid (Erasmus , 1967; Siddiqi and Lutz, 1966). Furlong and 
Caulfield, (1989) demonstrated tha t labeled fatty acids were released 
at the highest rate by S.mansoni with measurable quanti t ies of 
phosphatidylcholine (PC), lysophosphatidylcholine (LPC), 
phosphat idylethanolamine (PE) and 
monopalmitoylphosphatidylcholine, which is also a physiologically 
active molecule tha t may play a role in the parasite evasion of the 
immune response. Fried and Appel, (1977) reported the main neutral 
lipid fraction released by E.trivolvis adul t s into Locke's solution was 
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free sterols while E.caproni adul t s indicate that TG is the main 
fraction released into the medium Fried et al, (1980) found that the 
major neu t ra l lipid released into incubation media by metecercanae 
and adul t E.triuolvis were FFA and free sterols respectively. Fried and 
Shapiro, (1979) reported tha t medium collected after Ih of incubation 
of E.reuolutum showed trace a m o u n t s of PC, phosphatidylserine (PS) 
and PE while supe rna t an t collected from 4h incubation showed 
increased a m o u n t of the above PL along with trace amoun t s of 
cerebroside. 
Berger and Fried, (1982) showed that L.constantiae release 0.2 
to 0.5 mg of s te ro ls /g of f luke/h. Moreover, E.revolutum adu l t s release 
0.06mg of fresh s terol /g of f luke/h. The sterol fraction of the ES 
products of E.revolutum adul t s act as a chemoat t rac tan t (Fried et al, 
1980). A chemoat t r ac tan t for metacercarial pairing in L.constantiae 
has also been identified tentatively as cholesterol (Fried and Gioscia, 
1976). Popiel & Basch, (1986) experimentally showed tha t cholesterol 
was transferred from male Schistosoma to female and vice versa. A 
previous s tudy on L.constantiae by Fried and Roberts, (1972) showed 
significant pairing in vitro of both metacercariae and adult 
L.constantiae which emits mainly free sterols into an incubation 
media. 
From the foregoing review of literature it is quite evident that 
biochemical differences in lipids between parasi tes and their host is a 
step of the new control t rends and needs elaboration with regard to 
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parasi te lipid metabolism. Despite the fundamental importance of 
lipids and fatty acids in parasi te physiology and biochemistry only few 
reports are available on limited number of species while others remain 
somewhat neglected especially amphis tomes despite their economical 
importance. Therefore, in the present s tudy a preliminary a t tempt has 
been made to analyze the FA composition of two amphis tomes and 
their ES p roduc t s in order to get insight about their adapta t ions 
which could be impor tant not only from energetics, biosynthetic but 
also from the control point of view. 
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MATERIALS AND METHODS 
In order to analyze the lipids of the amphis tome parasi tes and 
lipids released in the excretory/secretory products following 
methodologies were used as presented below; 
COLLECTION OF PARASITES 
The paras i te material was regularly collected from the local 
abattoir. The infected rumen and liver t issues were carefully brought 
to the laboratory for the isolation of Gastrothylax crumenifer and 
Gigantocotyle explanatum respectively. Worms were immediately 
transferred to H a n k s ' Balanced Salt Saline (HBSS) pre maintained at 
37±20C and thoroughly rinsed to remove debris. Worms were either 
damp dried on a filter paper to freeze at -200C or used immediately for 
the collection of ES lipids. 
ANALYSIS OF LIPIDS 
In order to analyze the E / S lipids, the adu l t paras i tes were 
maintained in vitro for a total of 9h and for this, approximately 25 g of 
worms were incubated in different, covered beakers containing Hanks ' 
saline. After regular 3h of incubation, worms were transferred to the 
fresh med ium and at the end, all incubates were pooled and 
centrifuged (2500 rpm for 20 min) for the removal of eggs and debris 
and used as a source material for the extraction of lipids. After 
incubatiori worms were drit'd a} 90"C in hcuimg ova) lo fU-U:nnuic in-
dry weight. All the experirneiiis were repeated at least three times and 
data thus obtained was subjected to statistical analysis (Sokal 8B Rohlf, 
1981). 
EXTRACTION OF LIPIDS: 
Lipids were extracted according to the method as described by 
Folch et at, (1957) using chloroform:methanol solvent prepared in 2:1 
ratio. At least two extractions were made for each sample and first 
extraction was always performed overnight at room temperature (RT). 
In the procedure, of the two layers formed, the lower solvent layer was 
saved and evaporated to near dryness in a boiling water bath under 
reduced pressure and residues were dissolved in chloroform : 
methanol and washed overnight with 0.88% KCl (1/5^^ of the extracted 
volume). The lower layer containing most of the lipids was collected 
and evaporated similarly as mentioned above. The residue left was 
finally reconstituted in known volume of chloroform:methanol and 
used for the estimation of various lipid classes. 
ESTIMATION OF TOTAL LIPIDS: 
The total lipid was estimated according to the method of Zollner 
and Krisch, (1962). To 0.5ml of dried lipid sample, 4.95ml 
concentrated H2SO4 was added and allowed to boil for lOmin and used 
for the assay. The final assay mixture in a test tube contained suitable 
lipid aliquots, H2SO4 and 4.0ml Zollner reagent, prepared by dissolving 
13mM vaniline in 14M ortho phosphoric acid. The tubes were kept at 
RT for 30 min for color to develop and intensity of the colour was 
recorded at 530nm on Spectronic-1001 spectrophotometer (Milton Roy, 
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USA). Values were calculated from the calibration curve prepared from 
known strength of cholesterol dissolved in 96% ethanol. 
ESTIBIATION OF CHOLESTEROL: 
For the quantitative assay of cholesterol a reagent marketed by 
Bayers, was used. All the working reagents were prepared as 
described in the instruction leaflet. The principle of the assay was as 
follows ((Allian et al, 1974): 
cPiolsstct'd cstcvciss 
Cholesterol ester + H2O ^ cholesterol + fatty acids 
cholesterd oxidase ^ 
Cholesterol + O2 ^ cholestenone + H2O2 
peroxidase ^ 
2H2O2 + Phenol + 4-Aminoantipyrine ^ Red quinone + 4 
H2O 
The sample and the reaction mixture was incubated at 37±2°C 
for lOmin and the intensity of the complex (red quinone) formed was 
read at 500nm. Standard solution of cholesterol (200mg/dl) was used 
to prepare the standard curve. 
ESTIMATION OF TRIGYLCERIDES 
Triglyceride assay was performed as described in the instruction 
manual provided by Bayers Diagnostic Kit (Bucolo 8& David, 1975). The 
contents of the reagent bottle were mixed and dispensed into test tubes 
together with dried lipid samples. The tubes were vortexed to mix the 
contents and incubated for 10 min at 37±2°C. Following incubation the 
developed purple coloured complex was read against reagent blank at 
546nm. Unknown values were calculated from the standard graph of 
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glycerol (triglyceride equivalent) supplied at a concentration of 
200mg/dl. Reaction mechanism of the assay was as follows: 
lipoprotein lipase ^ 
Triglycerides + H2O ^ glycerol + fatty acids 
Glycerolki nase 
Glycerol + ATP > glycerol-3-phosphate+ADP 
GPO ^ 
Glycerol-3-phosphae + O2 ^ dehydroxyacetone phosphate + 
H2O2 
peroxidase ^ 
2H2O2 + 4-Aminoantipyrine + ADPS ^ red quinone + 
4H2O 
ESTIMATION OF FREE FATTY ACIDS: 
Total free fatty acids in the samples were determined by the 
method of Lowry and Tinsley, (1976). Suitable aliquots of lipid samples 
were taken into stopper tubes, dried and dissolved in 5ml of benzene. 
The content was mixed and warmed slightly before the addition of 1ml 
cupric acetate pyridine reagent (cupric acetate 5% in DDW, pH 6.6 
with pyridine). The solution was filtered and stored at RT, not for more 
than 2 weeks. The tubes were centrifuged at low speed for 5min and 
upper light blue colour layer was collected and read against reagent 
blank at 715nm. Known strength of palmitic acid was used as a 
standard. 
ESTIMATION OF PHOSPHOLIPIDS: 
For the total phospholipid estimation inorganic phosphorus 
measurement was done as described by Rouser ei a/., (1970). The 
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values of p h o s p h o r u s were multiplied by a factor of 25 (Christie 1982) 
in order to obtain the phospholipids values. 
ESTIMATION OF PHOSPHORUS: 
To a dried lipid sample, 0.1 ml of concentrated H2SO4 was added 
and reaction mixture was boiled for 2min. After cooling at RT, 0.05ml 
70% PCA was added to tubes and again boiled for next 2min. At RT 
2.0ml DDW, 1.0ml ammonium molybdate (1%) and 1.0ml freshly 
prepared ascorbic acid (1%) was added and contents were heated in a 
water ba th premaintained at 70°C for lOmin. The colour developed was 
recorded at 820nm against blank and s tandard of KH2PO4 was 
prepared similarly to calculate the phosphorus values. 
FATTY ACID ANALYSIS BY GAS LIQUID CHROMATOGRAPHY 
Prior to GLC analysis fatty acids were converted into their 
corresponding methyl esters. The method of Christie, (1982) was 
followed to prepare methyl esters of fatty acids. The lipid extracts were 
saponified and fatty acids extracted were methylated by acid catalysis 
at the CDRI, Lucknow. 
Saponification: 
To a suitable lipid aliquot, IN NaOH (10 ml) was added and 
re fluxed for 9h. After the completion of 9h of reflux 3 /4 '* volume of 
the solvent was evaporated and rest of the content was dissolved m 
DDW, transferred to a separating funnel and extracted thrice with 
diethyl ether. The unsaponified fraction in the ether layer was 
discarded and fatty acid salts in the water layer was saved. The pH of 
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the water was adjusted to 1.0 with 6N HCl in order to free the fatty 
acids from sal ts . The water layer was extracted thrice with ether and 
saved. Contents were washed once with 0.5N NaHCOa and repeatedly 
with DDW to remove the mineral acids. The sample was passed over 
Na2S04 and collected in round bottom flask. 
Esterification: 
To a dried saponified fraction, 5.0ml of benzene, 10ml of 
anhydrous methanol and 5 drops of concentrated H2SO4 was added. 
The conten ts were refluxed on a water ba th for 9h and soon after the 
reaction 3 /4 '^ volume of the solvent was evaporated and mixed with 
DDW. The fatty acid methyl esters were recovered from the water layer 
by extracting thrice with ether. The ether layer was neutralized with 
0.5N NaHCOa and washed with water. The ether layer was passed over 
Na2S04 and evaporated and sealed for gas chromatography analysis. 
GAS CHROMATOGRAPHY 
The gas liquid chromatography (GLC) of fatty acid derived as 
their methyl esters , was carried out us ing a Fisons Ins t ruments MD 
800 machine fitted with DB-5 fused silica capillary column adjusted 
at 2000c. 
THIN LAYER CHROMATOGRAPHY 
For qualitative analysis of ES lipids I0\il of ES samples were 
spotted onto the TLC plate in the concentrat ing zones. TLC on 20 X 
20-cm dimension glass plate was performed according to the method 
of Skipsky, (1964). A layer of 0 .25mm thickness was prepared by 
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pouring the silica gel slurry (in water) onto the glass plates and 
allowed to set at RT. Prior to use it was preheated at 90^0 for an hour 
and brought at RT before use . A glass rectangular tank was lined on 
three sides with filter paper and sa tura ted with 100ml of petrol ether: 
diethyl ether:acetic acid (65:35:1) for 20 to 40 min prior to 
development of the chromatogram. Samples along with purified lipids 
were applied 2 cm from the lower edge of the plate and 
chromatograms were developed 16cm from the origin and were mcide 
visible by exposure to iodine vapour. The experiment was repeated 
several t imes and a representative chromatogram from the 
reproducible resul ts is presented. 
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RESULTS 
It is evident both by TLC and spectrophotometric analysis that 
amphis tomes released appreciable quant i t ies of lipids when 
maintained in vitro in non nutr ient salt saline. The quantitat ive 
differences in the quality of lipids was noticed as both were found to 
release all major classes of lipids and both qualitative and quantitative 
differences w^ere observed between the FA profile of amphis tomes as 
judged by GLC. However, some unidentified lipids have also been 
observed in incubates . 
The qualitative as well as quantitative da ta on ES lipids of 
amphis tomes revealed that both the species released all the major 
lipid classes and the major differences between the two amphis tomes 
lie with regard to the total level of each fraction (Table 1). The lipid 
release in liver amphis tome was always recorded higher in comparison 
to rumen amphis tomes . Based on an average dry weight G.explanatum 
in an hour released approximately 0.2mg of lipids whereas 
G.crumenifer released O.OSmg of lipids in an hour which was 
considered as 100 percent for the calculation and analysis of the 
fractions. 
The resul ts of the TLC chromatograms revealed cholesterol, FFA 
and TG in both the worms (Fig: 1). S tandards of cholesterol, FFA and 
TO were s imultaneously run on the same plate for the qualitative 
identification. The sterol esters were also visible as identified on the 
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basis of relative retention time while the polar fraction presumably PF 
remained at the origin. 
The quanti tat ive estimation of ES lipid fractions exhibited 
differences in the lipid sub fractions of amphis tomes as shown m 
Table 1. The resul ts revealed tha t the two amphis tomes differ 
markedly in FFA and cholesterol content. In G.crumenifer cholesterol 
and FFA were found only in small proport ions while in G.explanatum 
converse was true. The cholesterol content of G.explanatum was 
18.6% of total lipids and 0 .36mg/gm of dry wt. while in G.crumenifer 
cholesterol was present at 6 .3% of the total lipid and 0 .027mg/g of the 
dry wt. 
The FFA was the predominant component of G.explanatum 
incubates while TG was the minor, while the major lipid fraction 
identified in G.crumenifer incubates was PL whereas only about 6 .3% 
of cholesterol was released. In both the worms PL were released in 
nearly equimolar concentrat ions and the differences were 
insignificant. The total PL of G.explanatum averaged 17.3% of the total 
lipid while in G.crumenifer PL accounted for an average of 15.25% of 
the total lipid. 
When the whole worm lipids and their ES lipids were subjected 
to FA analysis distinct differences in the FA composition was observed 
between worms and w o r m s / E S products as presented in Figures 2-5 
and Tables 2-3. From the GLC trace it is quite evident that the two 
amphis tomes do not show great variation with regard to quality of FA 
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Table: 1 Compositional data on the lipids and their fractions in 
G.explanatum and Ccrumenifer ES products. 









% by dry w t . 
100 
18.6 ± 2 
10.8 ± 1.05 
27.0 ± 1.03 
17.3 ± 1.09 
26.3 ± 2.02 
G. crumenifer 
% by dry w t . 
100 
6.3 ± 1.01 
6.5 ± 0.09 
7.5 ± 0.03 
15.26 ± 0.03 
72.2 ± 2.05 
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Fig. 1: Thin layer chromatography of ES lipids. 
a : E /S lipids of G. explanatum 
b : E /S lipids of G. crumenifer 
c : Purified triglyceride 
d : Purified free fatty acid 
e : Purified cholesterol 
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present bu t they differ markedly in the proportions of the different FA 
possessed and or released. 
The GLC analysis revealed that the lipids in amphis tomes 
appear to be made u p from carbon chain lengths of ClO-C-26. The 
possibility of some lipids of shorter and higher chain lengths at the 
beginning and middle of the run was obscured in analysis due to the 
limitation of identification and da ta present here t h u s gave only 
tentative idea which therefore, is corrected for compositional purpose 
(Fig: 2-5). A total of 21 and 16 FA peaks in the whole worms, 
G.explanatum and G.crumenifer, respectively, were evident in the GLC 
trace. Similarly a FA composition nearly as complex a s whole worm 
composition was revealed in the ES products of amphis tomes . The ES 
lipids were separated out into a total of 24 and 15 FA peaks in 
G.explanatum and G.crumenifer respectively. The comparison of the 
retention t imes on the GLC trace with authent ic s tandard (ground nu t 
oil) confirmed the presence of sa tura ted (SFA), unsa tu r a t ed (UFA) and 
poly unsa tu r a t ed fatty acid (PUFA) in all amphis tome fractions 
studied. 
The analysis of GLC trace confirmed the presence of C14, C16, 
C18 and also C12 sa tura ted FA in all the amphis tome fractions 
studied. The a m o u n t of total SFA present in the worms analyzed 
ranged from 67.38% in G.explanatum to 72.7% in G.crumenifer 
whereas for the ES lipids these values ranged from 73.94% in 
G.explanatum to 67.54% in G.crumenifer. Among the other SFA CIO, 
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C24 and C26 were present in all the amphis tomes fractions but C20 
FA was detected only in the whole worms of G.explanatum. Neither 
this FA (C20:0) was detected in G.crumenifer nor it was released in 
vitro by either of the worms. Stearic acid (18:0) was the principal 
component FA amongs t amphis tomes (Fig: 2 863) while in both the 
worms ES fractions palmitic acid (16:0) predominates (Fig: 4 SsS). 
The UFA in amphis tomes ranged u p to 33 .7% in G.explanatum 
and 2 5 . 9 1 % in G.crumenifer, of the total lipids. In ES products the 
unsa tu ra t ed fatty acids account for 25.24% and 32.4% of the total 
lipids in G.explanatum and G.crumenifer respectively. Among the 
various s u b fractions of the UFA all the amphis tome fractions 
contained C14 : l , C16: l , C18:2, C18:3 and C20 : l . However, oleic acid 
(18:1) is the predominant UFA of whole worm lipids of both the worms 
(Fig: 2 86 3; Table: 2) while ES lipids of G.explanatum in majority 
contained 18:2 (Fig: 4 85 Table: 3) while 18:1 is the major UFA of the 
ES lipids of G.crumenifer (Fig: 5 85 Table: 3). 
By comparing the overall weight percentage of C I 6 to C I 8 FA m 
amphis tomes it is evident that they tends to have lower fraction of 
C16 acids (27% in G.explanatum and 29.17% in G.crumenifer) and 
possess higher percentage of C18 acids, 53 .42% in G.explanatum and 
51.19% in G.crumenifer, (Fig: 2 86 3; Table: 2) while converse was true 
for their EIS lipids which were characterized by having higher levels of 
C16 acids( 40 .89% in G.explanatum and 30.62% in G.crumenifer} and 
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lower proportion of C18 acids, 29 .42% in G.explanatum and 30.72% in 
G.crumenifer, (Fig: 4 86 5; Table: 3). 
In amphis tomes unsa tu ra t ed C18 accounts for ihe 
approximately 25 .7% {G.explanatum) to 14.78% (G.crumenifer) of the 
total lipids while in the ES lipids they form 13 .31% in G.explanatum to 
21.22% m G.crumeni/er of the total lipids. 
From the GLC analysis it can be clearly established tha t some 
odd chain carbon number FA were also detected in the worm as well 
as their ES products . The quantitative determination of these FA gave 
evidence of not more than 3.5% of the total lipids. The identification of 
the component acids by GLC analysis of the methyl esters showed the 
presence o f C l l , C I 3 , C15 along with moderate a m o u n t s of C17 odd 
chain FA. All the 4 component acids were detected in the ES lipids of 
G.explanatum (Fig: 4) while G.crumenifer ES lipid possess only C l l to 
C13 FA (Fig: 5). The liver amphis tome, G.explanatum and rumen 
worm, G.crumeni/er possess C l l , C13 and C17 FA and no C15 acid 
was identified in either of these worms (Fig: 3 & 4). 
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Fig:2 GLC recording of fatty acid methyl esters of adult 
G. explanatum. 
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Fig: 3 GLC recording of fatty acid methyl esters of adult G.crumenifer. 
8 0 0 - ^ 
4 0 0 - ~ 
3 0 0 - ^ 
VJ 
O 
> >LX^ ^^  





0- ! I i i 1 1 1 1 1 1 1 i I i I ' ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! ! ! I [I I ! 1 1 ! 1 1 1 ! 1 1 ' 11 1 1 1 1 ! I ! i 111 ' 1 1 ! I I T T T n T T T T T I M i 
Tlnw[mln) 
Fig: 4 GLC recording of fatty acid methyl esters of ES products of 
G.explanatum collected after 9h of incubation. 
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Fig: 5 GLC recording of fatty acid methyl esters of ES products of 
G.crumem/er collected after 9h of incubation. 
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Table:2 Fatty acid composition of total lipid 
and G.crumenifer fas % of total fatty 
extracts of G.explanatum 




















0.99 ± 0.01 
0.44 ± 0.12 
1.61 ± 0.14 
0.82 ± 0.15 
-
2.48 ± 0.03 
1.82 ± 0.01 
22.84 ± 0.15 
4.16 ± 0.02 
2.21 ± 0.01 
27.72 ± 0.01 
13.87 ± 0.2 
1.79 ± 0.13 
1.78 ± 0.19 
10.04 ± 0.10 
1.06 ± 0.12 
5.43 ± 0.14 
G.crumenifer 
0.91 ± 0.11 
0.65 ± 0.15 
2.42 ± 0.03 
0.59 ± 0.01 
1.91 ± 0.12 
2.59 ± 0.14 
6.36 ± 0.15 
26.31 ± 0.15 
2.86 ± 0.16 
1.46 ± 0.01 
36.41 ± 0.10 
10.88 ± 0.17 
2.17 ± 0.15 
-
1.73 ± 0.12 
0.08 ± 0.01 
1.27 ± 0.02 
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Table:3 Fatty acid composition of total lipid extracts of E/S products 
of G.explanatum and G.cnimenifer after incubation in Hanks' 






















4.25 ± 0.01 
1.81 ± 0.02 
3.31 ± 0.04 
4.77 ± 0.04 
0.48 ± 0.05 
0.75 ± 0.01 
10.77 ± 0.05 
1.11 ± 0.01 
2.94 ± 0.04 
1.34 ± 0.02 
26.05 ± 0.01 
3.96 ± 0.02 
0.29 ± 0.04 
16.11 ± 0.01 
3.96 ± 0.04 
9.26 ± 0.01 
0.09 ± 0.05 
7.6 ± 0.01 
0.33 ± 0.10 
G. crumenifer 
4.47 ± 0.02 
2.02 ± 0.01 
6.48 ± 0.06 
-
0.031 ± 0.01 
0.051 ± 0.01 
8.31 ± 0.01 
0.85 ± 0.05 
— 
— 
30.62 ± 0.04 
10.27 ± 0.05 
-
9.50 ± 0.06 
11.63 ± 0.02 
9.34 ± 0.01 
0.25 ± 0.04 
0.42 ± 0.05 
5.69 ± 0.01 
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DISCUSSION 
From the resul ts of the present s tudy it can be seen that the two 
amphis tomes occupying physiologically different microenvironment 
within the same host are broadly similar with respect to their lipid 
composition bu t they are capable of maintaining the characterist ic FA 
composition in their lipids independent of their host or the habi tat 
however, some species specific differences were also observed. 
The two amphis tomes may be quite diverse with respect to their 
metabolic requi rements and this is reflected in their total amoun t and 
quality of lipids released. The amphis tomes release O.OSmg -0.2mg of 
l ipids/gm dry wt. of w o r m s / h . The differences in the a m o u n t of lipids 
released by the amphis tomes may be either due to the intergeneric 
differences or due to occupying entirely diverse microhabitat . Since 
G.explanatum inhabi t s nutritionally rich microenvironment, where 
lipid reserves are higher, hence parasite level' off excretion unde r in 
vitro condition bu t this requires further in vivo confirmation and 
G.crumenifer which inhabi ts rumen, has to rely on the dietary habi ts 
of the host . The less amoun t of release of lipids by G.crumenifer may 
also be due to lower a m o u n t s of total lipids of the worms where it 
comprised 10.5% of their dry weight, whereas in G.explanatum it 
forms 34.4% of the dry wt. (Yusufi 85 Siddiqi, 1976). The study is in 
essential accord with the s tudies on F.hepatica adul ts , where Burren 
et al, (1967) showed a release of 0.5-1.2mg of l ipids/g of worms /h 
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following in vitro incubat ion of worms in a medium reinforced with 
glucose. The lipids released by the schistosome paras i tes serve the 
function of chemoat t ract ion for the worm pairing as this offers 
advantage other t han reproduction i.e. feeding and developmental 
advantages (Fried et al, 1980) but no such conclusion could be made 
for amphis tomes un less further studies are carried out. 
Fur ther , the compositional studies carried out on the lipid sub 
fractions detected major differences in some of the fractions of the 
lipids released by these worms. The major fraction of the 
G.explanatum ES lipids was FFA while G.crumenifer excrete mainly PL, 
al though, Yusufi 85 Siddiqi, (1976) reported TG and PL as the major 
fractions of lipids in G.explanatum and G.crumenifer respectively. 
Butler 85 Fried, (1977) detected FFA as the major neutra l lipid fraction 
of excysted metacercar iae of E.revolutum while the major lipid fraction 
released by adul t males and females S.japonicum were free sterol. A 
previous s tudy on S.haematobium by Haseeb et al, (1985) also showed 
significant release of FFA by the adul ts . FFA are important metabolic 
intermediates and high levels of FFA in t issues suggest tha t there is 
high metabolic pool or no or less active lipid metabolism, as t i ssues 
with active lipid metabolism do not in general contain high proportion 
of FFA. The t rematodes in general are not capable of synthesizing 
cholesterol and FFA therefore, obviously the presence of these 
compounds may be of host dietary origin and could have been 
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absorbed from the habi ta t in a manner similarly reported for other 
parasi tes (Tielens, 1999). 
Although G.explanatum released mainly FFA but appreciable 
quanti t ies of TG, PL and cholesterol were also evident in incubates . 
This again may be a reflection of nutr ient overflow, as liver is a 
nutritionally rich habi ta t which in addition to TG conta ins large 
amoun t s of PL and cholesterol. The lipid content of the host diet 
influences the lipid content of E.caproni adul t s (Frazer et al. 1997). 
Further , the t egument and vitelline glands were the primary sites of 
cholesterol accumula t ion in female S.mansoni (Haseeb et al, 1985). 
Besides this , lipids are important components of membrane and in 
F.hepatica lipids are excreted at a very high rate i.e. 2% of the worm's 
weight /day (Burren et al, 1967). The participation of lipid metabolism 
in the cons tan t renewal of the membrane complex is essential to 
parasi t ism (Vial et al, 1985). It seems tha t lower proportion of lipid 
and lipid fractions in rumen amphis tome, G. crumenifer, may be due 
to their seasonal egg production cycle and due to exposure to variable 
sources of available nut r ien ts , it conserve resources by minimizing the 
release of FFA. Moreover, the release of FFA by G.explanatum may 
reflect its metabolic requirement since prolific egg production by 
G.explanatum th roughout the year will require lipids to be 
incorporated into the eggs. Besides this, Khan et al, (1990) reported 
seasonality in the lipid composition of G.explanatum and G.crumenifer 
which reaches u p to their maximum level dur ing the summer and 
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monsoon seasons and suggested that the increase in lipid level 
appeared to be independent of the reproductive cycle and possibly 
some extrinsic factors influence their levels in amphistomes. 
The present data show that both the amphistomes release PL m 
approximately similar amounts. In case of several parasites the 
fractionation of lipids has shown that PL often account for a relatively 
high percentage of the total lipid (von Brand, 1966). Fairbairn, (1956) 
has shown that F.hepatica body wall is composed of 30% of the PL 
and in trematodes following incubation quick turnover of the 
membranes is well understood. The ES lipids of amphistomes could 
also arise from the tegument as mentioned by von Brand, (1973) that 
lipids released into the incubation medium could come from any of the 
excretory, mouth, tegumental or gonopore source. It was shown that 
modulation of cell surface lipids were known to alter the susceptibility 
of the cell to complement lysis and lipid exchange between the young 
schistosome and its host serve to secure the tegumental membrane 
and supplement the protection afforded by the acquired host antigen 
disguise (Harnett et ah, 2007). Further, it has been shown that as 
compared to the complete worm, the tegument is enriched in lipids 
that are absent in the host (van Hellemond et al., 2006). Molecular 
species of PL are increasingly recognized as important mediators or 
precursors thereof, in signal transduction, immune response 
modulation and events like membrane fusion (Brouwers et al, 1998). 
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In the present s tudy GLC analysis of the ES products of 
amphis tomes was performed and the methyl ester derivative of the 
whole lipid extract and ES lipids showed many components , 
sa tura ted , u n s a t u r a t e d and polyunsatura ted fatty acids m both the 
amphis tomes . The analysis of SFA in amphis tomes ranged from 67.38 
%-72 .3% which is higher than the values reported for the liver 
parasi te , F. hepatica (Carballeira et al, 2003), whereas the values 
reported for SFA of buffalo liver is 4 8 % (Sharma et al, 1986), while 
the levels of SFA in ES lipids of these amphis tomes range from 
73.94% to 57 .54% which is near to the values reported for ES lipids of 
F.hepatica, 6 2 . 3 % (Carballeira et al, 2003). Generally r u m i n a n t meat 
has been criticized for its high levels of sa tura ted lipids and 
cholesterol (Giuffrida et al, 2005). However, Christie and Clapperton, 
(1982) reported a range of 24% to 4 2 . 1 % in triacylglycerols level in the 
milk of buffaloes, and hypothesized that this might be due to changes 
in the diet of animals and such dependence is often described for long 
chain fatty acids which could be accumulated by the amphis tomes 
and differentially released during the in vitro incubat ion. The high 
level of SFA in liver and rumen amphis tomes irrespective of their 
habi tat suggests that variability in the FFA composition may be 
independent of their habi ta t and more related to host physiology, 
nutri t ion and are possibly controlled by the external environmental 
conditions which host encounters during thermal and nutrit ional 
acclimatization ultimately governed by rainfall and pas tu re growth. As 
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suggested by Khan et al, (1990). Raghavan 86 MuUick, (1961) also 
suggested tha t seasonal changes are reflected in the metabolism of 
food intake in buffaloes. However, this may well be dependent on 
various other factors like, parasite species, sex or age (Vykhrestyuk Ss 
Yarygina, 1982). 
The principal SFA of the total lipids of amphis tomes was 18:0. 
The palmitic (16:0) and stearic acids (18:0) are probably the most 
commonest SFA found in virtually all animal and plant fats but in 
many ins tances stearic acid is more a b u n d a n t t han palmitic acid, 
especially in complex lipids and high percentage of this acid m body 
lipids of amphis tomes may be due to the presence of higher 
percentage of complex lipids which are ra ther excreted or secreted in 
lower proport ions by amphis tomes. Further , longer cha ins sa tura ted 
FA are often major components of waxes. Similarly, Warren 86 
Daugherty, (1957) reported palmitic and stearic acid to be one of the 
characterist ic lipid compositions of paras i tes C.sinensis, S.japonicum, 
P.westermani and N.americanus. An examination of S.mansoni 
cercarial total lipid FA composition revealed a similar prevalence of 
C16 and C18 FA in the larval stage which penet ra tes the skin to 
establish the parasi te in the mesenteric venules and liver of pr imates 
and rodents (Smith et al, 1966), and it h a s been suggested that 
predominance of C16 and C18 FA in man , monkeys and wild rodents 
may be partially responsible for their selection as definitive hosts and 
same could possibly be true for amphis tomes . Earlier s tudies with 
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F.hepatica isolated from rat liver established the main FA in PL mainly 
in PC and PE to be C I 6 and C18 (38-39% of the total). 
Moreover, content of saturated acids, palmitic and stearic acid 
were distinctly predominant as compared to u n s a t u r a t e d acids. It has 
been reported that neutral glyceride fraction of C. sinensis, 
S.japonicum, P.westermani, N.americanus and D.immitis contained 
most of the unsa tu ra t ed acids, linoleic and oleic acids (Ueda and 
Sawada, 1968) and probably in amphis tomes it seems tha t high 
percentage of these might have arisen from the polar PL. Similarly 
higher percentage of C 16:0 FA in C.sinensis (31%), S.japonicum (34%) 
and P.westermani (35%) has been reported (loc cit). In amphis tomes 
16:0 (26.05%- 30.62%) is found to be the principal SFA of ES lipids of 
both the amphis tomes. Saturated and u n s a t u r a t e d C18 FA, stearic, 
oleic, linoleic, linolenic acid are the most prominent FA of le ishmanias 
(Enriettii-Korn & Greenblatt, 1963). The various lipid fractions of an 
organism usually have different and often characterist ic FA 
composition and different t i ssues in the same organism can also shovi^ 
variations in the FA composition (von Brand, 1973; Barrett , 1981). 
The high levels of C16 FA in the ES lipids of amphis tomes possibly be 
an indication of being released or originated from the single source 
possibly, tegument. F.hepatica body wall is composed of 30% of the PL 
(Fairbairn, 1956). Similarly, Smith et al, (1969) also reported higher 
values of C16 FA in the PL fractions of S.mansoni (28.6%) whereas 
0 1 6 acid const i tutes 14.5% of the triacylglycerols fractions. Similarly, 
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Brouwers et al, (1999) demonst ra ted palmitate to be the most 
prominent FA found in schistosome tegumenta l PL, and reported high 
turnover of palmitate which was limited to only phosphatidylcholine 
(PC). The high turnover of palmitate (CI6:0) was shown to be due to 
deacylat ion/reacylat ion, and not to the sloughing of me mbra ne s as m 
case of schis tosomula. It was speculated tha t the rapid turnover of PC 
in the tegument of adul t schistosomes play an impor tant role in the 
immune evasion by the parasi te . 
In both the amphis tomes the presence of fatty acids was 
generally similar except for few of the FA like CI3 :1 acid which was 
present in G.crumenifer whole body lipids and in the ES fraction of 
both, was not detected in G.explanatum body lipids. Similarly C20:0 
FA was observed in the whole body lipids of G.explanatum and was 
not detected in the body lipids of G.rumenifer, nor in either of the ES 
lipids of the amphis tomes . Also small percentage of C12 : l , C15:0, 
C I 5 : 1 , and C17:0 were observed in ES lipids of G.explanatum and 
these were not detected in ES lipids of G.crum.enifer whereas CI7 :0 
was only detected in whole body lipids of G.crumenifer. C15 to C19 
odd chain acids can only be found in trace a m o u n t s in most animal 
lipids but can occur in large quant i t ies in certain bacterial lipids 
(Christie, 1982). The possibility of their origin from bacteria cannot be 
ruled out in amphis tomes also, though the medium was changed 
regularly. However, small quanti t ies of odd number carbon FA 
differing in chain length from C l l through C17 in M.dubius and C13 
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through C17 in M.hirudenaceus have been reported (Beames & 
Fischer, 1964). 
The high percentage of myristic acid (14:0), 10.77% in ES lipids 
of G.explanatum and 8 .31% in ES lipids of G.crumenifer was also 
noticed as it is a minor component of most animal lipids but is 
present in major amoun t s in seed oils of the family Myristicaceae, 
therefore its presence in G.crumenifer ES lipids be expected but its 
excret ion/secret ion by G.explanatum is not unders tood at present. 
Similarly higher percentage of palmitoleic acid (16:1) in the ES lipids 
of G.crumenifer may also have its origin from seed oils where it is 
generally reported to be quite high in concentra t ions t h u s reflecting 
the nutri t ional dependence. Further , large differences were also 
reported between the molecular species PL composition of the 
tegumental membranes and other membranes of schis tosomes. In the 
tegumental membrane , 1-hexadecyl 2-palmitoyl PC was detected, 
which could possibly function as precursors for platelet activating 
factors, (Brouwers et al, 1998). In schis tosomula the FA precursors , 
palmitate and oleate, were linearly incorporated into parasi te PL 
(Furlong 86 Caulfield, 1989). Shed lipids of trypomastigotes forms of 
T.cruzi, were also reported to be highly enriched in the desa tura ted FA 
(C16:l) and (C18:l) when compared to the total FA pool isolated from 
the parasi tes (Agusti et al, 2000). The variable amoun t s of FA 
detected in two amphis tomes may also be due to differences in their 
FA composition of tegumental membranes . 
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The resul ts of the quantitat ive changes in the FA during in vitro 
incubation reflect that there was a significant increase in the release 
of CIO, C12, C14, C16 and C24 acids in G.explanatum and C18;3 m 
G.crumenifer while the rest of the other FA showed insignificant 
increase or decrease. An increase in the lipids of body wall, 
reproductive system and eggs was reported dur ing starvation in 
Ascaris (Beames et al, 1967; Greichus fit Greichus, 1967) and 
probably the same may also hold true for G. explanatum since the 
worms were in vitro incubated in nut r ien t free medium. Kapur and 
Sood, (1987) also reported changes in the FA composition of total 
lipids, decreasing at some times and increasing at others , thus 
indicating both biosynthesis and utilization. Fur ther , Smith et al, 
(1971, 1977) reported schistosome eggs to be a b u n d a n t in FFA and 
Asahi et al, (1984) demonstrated that FFA in S. japonicum egg 
extracts predominantly consisted of unsa tu ra t ed long chain FFA, 
some of which were found to be hemolytically active. On the basis of 
the limited available da ta it is difficult to speculate about the 
biosynthesis or interconversion of the FA by the amphis tomes 
unders tudy, and therefore, further s tudies us ing "^^ C acetate and 
labeled glucose needs to be carried out to confirm these resul ts in 
order to unde r s t and the metabolic overflow of physiologically 
important molecules. 
The occurrence of high concentrat ion of oleic acid (18:1), 
particularly in ES lipids of rumen worm may be of dietary origin as 
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oleic acid is also a typical FA found in r u m i n a n t s feeds and mostly 
hydrogenated to stearic acid but C18: l typically accumula tes m the 
rumen as conversion of t rans-11 CI8 :1 to C18:0 appears to occur at a 
slower rate (Griinari et al, 1997). 
The presence of CI8:2 and 18:3 FA in amphis tomes and their 
ES lipids is notable from the immunological point of view as 
increasing dosages of PUFA have been shown to produce successively, 
in vivo and in vitro, immune activation and inhibition (Weyman et al, 
1975; Meade 86 Mertin, 1978) and lymphocytolysis (Kigoshi & Ito, 
1973). Similarly Asahi et al, (1984) suggested the possibility of FFA 
released from the excretory pores of the egg shells of S.japonicum 
could have the modulatory influence on the host immune responses , 
such as chemotaxis and phagocytosis, possibly relating to 
schistosomal granuloma formation with prominent participation of 
eosinophils at the sites, which may also be t rue for amphis tomes but 
further s tudies are required to confirm this assumpt ion . Moreover, 
conjugated linoleic acid has been reported to possess antioxidant 
properties (Azain, 2003) which can also be investigated m 
amphis tomes. 
The presence of arachidic acid (20:0) in the whole lipids of liver 
worms was also quite evident. The FFA acids of linoleic (18:2) and 
linolenic (18:3) groups are considered essential because they are all 
capable of being converted into the 5,8,11,14-tetraenoic FA of chain 
lengths C19 to C21 which will give rise to physiologically active 
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prostaglandins (van Drop, 1973). Arachidonate metabolites may even 
have a role in the activation of cercarial proteolytic enzymes. 
Leukotriene B"* has been shown to be involved as a Ca++ secretagogue 
at least in neutrophils (Serhan et al, 1983), and it has been suggested 
that this metabolite may be responsible for schistosomes cercarial 
proteolytic enzyme release and activation. Prostaglandins have been 
postulated to be involved in the control of lipolysis and coupled with 
their effect on vasodialation and vascular permeability they help make 
additional FFA available to schistosome cercariae for incorporation 
into new schistosomular membrane components (Salafsky et al, 
1984). 
The ruminants in tropical countries of the world, are fed on 
grass and grass products, lignocellulosic agricultural by-products like 
cereal straws, stovers, sugarcane bagasse, tree foliages and cakes of 
oil seeds like groundnut, cotton, mohua, neem and mustard (Kamra, 
2005). Linoleic acid (18:2), is entirely derived from the diet and y-
linolenic acid (18:3n-3) which is present in many concentrated feed 
ingredients, but at lower levels than 18:2(n-6), is a major dietary FA of 
ruminants since it constitutes over 50% of the total FA in grass and 
grass products. In ruminants, the FA which is present at high levels in 
concentrated feedstuffs (grains and oilseed), is degraded into 
monounsaturated and saturated FA in the rumen by microbial 
biohydrogenation as a result around only 10% of dietary 18:2(n-6) is 
available for incorporation into tissue lipids and also high proportion 
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of y-linolenic acid (18:3n-3) is biohydrogenated to sa tura ted acids in 
the rumen . In the present s tudy high percentage of C18 :3 /C20 : l fatty 
acids were observed in whole body lipids of liver amphis tomes . Some 
FA that are present in low quanti ty in host and are present in high 
amoun t s in t rematodes , Schistosoma and Fasciola have been reported 
by Tielens, (1997) and it has been suggested that possibly flukes 
modify FA obtained from the host. They are unable to desa tura te FA 
but they can elongate them, and the elongation of oleic acid (CI8:1) to 
eicosenoic acid (C20:l) is the most important modification. 
Modification of lipids obtained from the host was suggested to be 
probably essent ial for the fitness of the flukes. Further , 20:1 and 22:4 
are typical examples of schistosome-specific FA not present in the 
mammal ian host (Allan et al, 1987; Brouwers et al, 1998 a & b). The 
lipid metabol ism of schistosomes is characterized by several intriguing 
adapta t ions to a parasitic way of life (Brouwers et al, 1998). Thus , 
biochemical al terat ions observed in the fatty acid composition may 
have an adaptive significance in amphis tomes , by helping to stabilize 
the host -paras i te system however, further s tudies on host lipids and 
larval as well as intermediate hosts is still to be required as fatty acids 
have been reported to regulate the expression of genes involved m 
lipid and energy metabolism (Nakamura et al, 2004). 
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